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T IS with considerable personal feeling that I express my appreciation of 

the honor of serving as President of the Society of the University Surgeons. 
Obviously, there are others who are more deserving, better able to represent 
the Society and to speak for the Society and themselves than I. I am most 
grateful and most humble for this expression of confidence of my friends. 

Our able officers and chairmen, including the Secretary, Dr. James D. 
Hardy; the Treasurer, Dr. Thomas C. Moore; the Chairman of the Committee 
on Publications, Dr. Ben Eiseman; the Chairman of the Committee on Grad- 
uate Training, Dr. Henry Bahnson; and the Chairman of the Local Program 
Committee, Dr. Edwin H. Ellison, have earried on the work of the Society in 
such an efficient manner that they left very little work for the President. My 
work is completed. Some of the duties of the year remain for those who are 
present at this Annual Meeting, for you must now listen—or at least be exposed 
—to what I have to say. 

It is a privilege to welcome the newly elected members of the Society. It 
should be emphasized that this is your Society, founded 18 years ago as—and 
it has remained—a Society for the younger men. We look to you who are not 
too hampered by the past few new associations, new ideas, new methods, and 
better surgery. We are most happy to have you as our associates in this or- 
ganization. 

RECENT EXPRESSED INTERESTS OF MEMBERS 


The presentations and the discussions of the Scientific Programs of the 
University Surgeons have always been most stimulating. Few, if any, other 
programs can compare in content of timely evaluations, timely reviews, and 
especially important new developments. The Annual Orations have been largely 
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2 ZINTEL 
—almost entirely—restricted to discussions regarding the resident training 
program. Recently, a number of members of the Society have suggested thai 
the Society should be interesting itself in three things: first, comparing methods 
of teaching surgery in open discussions; second, an attempt to understand 
better the purposes and reasoning behind certain suggestions and actions re. 
cently made by various committees and organizations in regard to further 
standardization of the intern and resident programs; and third, the impact of 
health insurance programs on postgraduate surgical training. The third sug- 
gestion regarding the impact of health insurance on postgraduate training is 
the subject of this discourse. I shall review briefly our present-day ideas of the 
ideal surgical residency program, the growth of health insurance, and prob- 
lems of the hospital, the surgical service, the medical school, and the teachers 
of surgery as a direct result of our modern-day economy. 


THE IDEAL SURGICAL RESIDENCY PROGRAM 


Since the conception and actual organization of the Society of the Uni- 
versity Surgeons in 1938, it has been one of the Society’s stated main purposes 
to develop methods of graduate teaching of surgery with particular reference 
to the resident system. We have adequately reviewed through the years the 
advantages of the Halsted system of training as adopted by Halsted from a 
German system and modified by our predecessors and ourselves. It has been 
the keystone upon which the Society was founded and has flourished. Each 
of us is presumably a product of a superior residency training program or its 
equivalent. 


Such a program is one of assistantship which provides gradually increas- 
ing experience in the management and care of surgical patients to the final 
year when a chief (senior or full) resident assumes complete or nearly ecom- 
plete responsibility. It must provide an adequate number of ward-service 
patients or the equivalent (for whom the residents can assume responsibility), 
adequate conferences in which the residents participate, adequate opportunity 
to discuss patients’ problems and other medical problems on ward rounds with 
the attending or senior surgeons, experience in clinical and laboratory research, 
and operating room experience. 


ATTITUDE TOWARD RESEARCH 


Although it may seem that I am digressing at this point, I would like to 
comment about two things which to me seem important to postgraduate train- 
ing: first, the expressed feeling of many physicians about research and second, 
experience with private patients in the training program. It appears that both 
of these do have at least some influence on our training programs. 

Fifty years ago, the best surgical training was obtained in a large charity 
hospital where one could see seemingly endless numbers of patients. It was 
possible to attend ward rounds and assist at operations with the most eminent 
—and I might add some of the most prosperous—physicians of the time. Fifty 
years ago was the first time in this country that such large numbers of patients 
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Velome + IMPACT OF HEALTH INSURANCE ON SURGICAL TRAINING 3 
were brought together to allow comparison of their signs, symptoms, and patho- 
logie findings. The bulk of medical research of that day—properly revered 
today—was accomplished in the ward, in the operating room, and in the post- 
mortem room. With very simple aids, often only a thermometer, a sphygmo- 
manometer, and an ability to observe, record, and compare, great advances were 
made in the field of medicine. The routine laboratory did not exist; simple 
urine and blood studies were performed in the ward. Histologic studies and 
a few bacteriologic studies comprised most, if not all, of the hospital research 
laboratory studies. The immensely important advances in medicine at that 
time were not regarded as research—which quite obviously they were. They 
were regarded as advances of clinical medicine and surgery. 

Today, the situation is somewhat reversed. The opportunity at the bed- 
side for medical advances is more limited. The great bulk of the simple com- 
parisons with the aid of simple accessories on masses of unselected patients 
would appear to have been largely accomplished. I did not say all. Today, 
research or investigation still starts at the bedside with the patient but so 
much of it seemingly must go to the laboratory. There sometimes very simple 
methods are used but not infrequently extensive and complicated apparati are 
used by experts, teams, or groups of teams before the clinical significance can 
be tested in the ward or in the operating rooms. The distressing thing about 
this is the number of physicians who live on their smattering from the history 
books, exalt the clinical, medical, and surgical advances of 50 years ago, and, 
at the same time, sneer degradingly at the resident of today who wants to 
take a seemingly important problem to the laboratory for confirmation before 
proceeding to use it in the diagnosis or treatment of patients. Such com- 
menting individuals have failed to see that our methods of research have changed 
and not our fields of interest, motives, or anything else that I can observe. They 
miss their mark just as surely as they would if they were trying to shoot a 
goat on a distant hill with a modern high-powered rifle using the sighting method 
of the primitive Indian hunting with a bow and arrow. Most of these individ- 
uals are associated with nonteaching hospitals, a great many with minor teach- 
ing hospitals, and fewer, but altogether too many, in the major teaching hos- 
pitals. Without exception we, as physicians, should realize the fact that 90 
per cent of our patients are alive today as a direct result of medical research*— 
regardless of whether the simple tools of yesterday or some of the complicated, 
difficult-to-understand tools of today were used. 


PRIVATE PRACTICE IN RESIDENCY TRAINING 


Generally speaking a superior surgical training is not attained at the resi- 
dent level when the assistantship is spent entirely in the management of private 
patients. However, I believe that some experience with private patients is a 
most important, practical part of a training program. 

Many interns and residents do deery their private patient experience as a 
period when they cannot assume as much responsibility as they are allowed 
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4 ZINTEL 
to assume with ward-service patients. In the language of the intern and resi- 
dent, their work with private patients is referred to as ‘‘secut work.’’ When 
we investigate, we usually find that ‘‘the inability to assume as much responsi- 
bility’’ in final analysis means that the resident cannot spend as much of 
each day wielding the knife. Nevertheless, the private patient experience is an 
excellent experience if the responsible surgeons will spend the time to encourage 
discussion with and among the residents and interns regarding the patient 
and the patient’s problems. In spite of very occasional comments which would 
indicate the contrary, the private patients do not resent being cared for by a 
team. The more personal attention, the greater the number of individuals 
seriously concerned with their problems, the better they like it. In my opinion 
no major or minor teaching hospital should hire physicians not in the residency 
training program for the eare of private patients to do interns’ and residents’ 
work. 

Private patient experience allows the residents to observe other individuals 
manage problems that the residents have had difficulty in managing in the 
past and will have in the future. There are more ways than one to skin a eat. 
It also affords the resident the opportunity to work in the front office. Much 
has been said about the altruistic, dedicated life of a medical career, and prop- 
erly so, but let us not forget that most of these young men on completion of 
their residency training will be charged with the responsibility of earning a 
living and supporting a family. They are entitled to know something of the 
business as well as the technical and theoretical aspects of surgery. Not to 
mention other sacrifices, each of these men spends 9 years and the equivalent 
of $33,850.00 in his medical and postgraduate training after the college level. 
The latter is based on the assumption that he spends the average of $8,800.00 
on his medical school education and that he could have earned $2,000.00 a 
year plus the cost of a single room and board for 9 years and the average yearly 
stipend of $1,600.00 he did receive for 5 years. Some experience with private 
patients now may also be useful to the teachers and professors of these post- 
graduate training programs—to those gathered here—for tomorrow we may be 
teaching entirely with private patients. There may be no ward-service patients. 
This brings me to the major points of this discussion—how widespread is 
health insurance and just how does, or can, health insurance influence post- 
graduate training? 


DEVELOPMENT OF VOLUNTARY HEALTH AND MEDICAL FEE INSURANCE 


For a number of years we have witnessed the development of the voluntary 
hospital and medical fee insurance programs. The reaction to the development 
of these plans has been stated so well by Dr. Franklin Murphy that I quote 
him: ‘‘Few economic issues are of more interest to the American People today 
than the costs of medical care and how best to meet them. Indeed, in recent 
years, some of our most vigorous (and bitter) national debates have raged 
around these matters.’ 
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Number 1 


How eager are the people of these United States to put aside money to in- 
sure their individual ability to meet the costs of maintaining health? Let us 
take a look at the facts. I do not believe it will be difficult to reach a conclu- 
sion. It was in the 1930’s that Blue Cross first introduced voluntary hospital- 
ization insurance in a manner that appealed to many people. For many years, 
the Blue Cross led the field in this type of insurance. By 1940, approximately 
9 per cent of the population or some 12,000,000 people were covered by a vol- 
untary hospitalization insurance policy provided by Blue Cross or another 
insurer. The most recent survey, just published, is that of Anderson and Feld- 
man in a book, Family Medical Costs and Voluntary Health Insurance: A 
Nationwide Survey.2 This survey was made in July, 1953.. Apparently, it 
took 3144 years to analyze and publish the facts. At that time, 61 per cent of 
our population was covered by voluntary hospital insurance. Now it is 3144 
years later. It is estimated that, in 1956, the figure had grown to 66 per cent. 

The number of people with insurance for surgical fees in 1956 was estimated 
to be 56 per cent—only 10 per cent less popular than hospital insurance, and 
the incidence of medical fee insurance was 35 per cent. The ratio of surgical 
to medical insurance is understandable, for all risk insurance is sold on the 
premise that through its relatively small periodic premiums it basically pro- 
tects the individual against an expense of some future date that the individual 
might not be able to afford. It is only natural that an individual would be 
more inclined to insure himself against the more costly but less frequently 
occurring surgical illnesses than against the less costly but more frequently 
occurring nonsurgical or medical illnesses. 

Although many individuals have both general types of insurance some 
have only hospitalization and some have only medical fee insurance. This 
makes the total number of individuals covered by some type of voluntary health 
insurance even larger. The figure has been emphasized by Dr. Wright H. 
Murry who recently stated, ‘‘ More than 110,000,000 Americans—almost 70 per 
cent of the population—are protected or covered by some form of voluntary 
health insurance. This means that in a little more than 25 years almost as 
many people have purchased insurance to help pay the costs of hospital care 
and physicians’ services as comprised the total United States population in 
1930 when the voluntary insurance movement began.*’’** Hospital insurance has 
grown more rapidly than most of us had realized. For those interested in pop- 
ulation increases I would like to add something which I heard on a recent tele- 
vision program sponsored by the Bell Telephone Company, Our Mister Sun. 
“In 1650, after 25,000 years of man the world population was 1% billion. In 
1950, three hundred years later, the world population was 2.5 billion. This 
would indicate that of all the people who have lived on this world, one in twenty 
is alive today.”’ 

Let us play a little with the figures we have. This may be. dangerous 
(especially for me) but it can be fun. During the past 16 years our average 
yearly inerease in population has been roughly 2.3 million while the number of 


*When I attempted to confirm this statement several days ago, I was informed that 
the total might actually be 115 or 118 and not 110 million people insured. 
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individuals with voluntary health insurance has increased at the rate of 6.6 
million per year. If these rates of increase remain the same, there would be 
100 per cent coverage, voluntarily, in 1314 years or by Spring of 1970. The- 
oretically, 100 per cent or nearly 100 per cent health insurance coverage of 
some type could be achieved in much less time than 13 years because I have not 
accounted for any of the individuals now covered or to be covered by non- 
voluntary health insurance. Two months ago Medicare came into effect.° 
Medicare allows the personnel of 7 categories of the Federal Government and 
dependents of these personnel to be treated by the civilian doctor of their 
choice in a civilian hospital. This alone adds 800,000 dependents—many who 
were not previously covered. There are now some 22,400,000 veterans and re- 
cently this number has been increasing at the rate of 4,500 per month or 54,000 
veterans per year. 

Let us not forget several other important aspects. Hospital and medical 
insurance plans are an important part of the bargaining between labor and 
management today and this becomes more significant each day. The rural farm 
areas have shown the lowest coverage in the surveys, but now the four major 
organizations of farmers are becoming quite interested in the available plans. 
There are a number of nonvoluntary health insurance plans that I have not 
mentioned but even with the figures that I have given and assuming the de- 
pendents of Medicare were not previously covered by voluntary insurance, my 
total is now 133,300,000 individuals in the United States covered by health 
insurance. There are only 168,091,000 people in this country at the present 
time. The next step is broader and more adequate coverage including a deduc- 
tible catastrophe health insurance. 

It would be redundant now to ask ‘‘Do the people want health insurance ?’’ 
This overwhelming movement could not have been stopped any more than a 
glacier of the ice age could have been stopped in its forward progress. 

Now that the ideal surgical residency training program has been defined, 
with two embellishments, and we have freshly in mind the facts of hospital 
and health insurance in the United States today, what has this to do with 
postgraduate surgical training? 


THE HOSPITAL 


First of all, I will mention something you already know and that is that 
the charity ward-service patient has practically disappeared. The teaching 
areas which in the past have suffered the most have been not the largest but 
the large city areas where most of the wage earners belong to well-organized 
industry. The present rate of expansion of insurance programs would indicate 
that sooner than most of us expected, all teaching areas will be seriously affected. 
Originally, wards were designed for patients who could pay no fee for medical 
services and most could not pay even a part of the hospital cost of maintaining 
the bed. This was at a time when a bed, nursing care, a visiting physician who 
saw a patient once a day, and perhaps a trip to the operating room were the 
major items of hospital and medical care. For the hospital, its part was easily 
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Volume 02 IMPACT OF HEALTH INSURANCE ON SURGICAL TRAINING 7 
accomplished because of the minimum requirements of the patient and the gen- 
erous donations of many financially able men. Times and methods have changed. 
Now, one physician visit a day is not enough; in fact we keep not only the 
senior physicians busy part of the day, but a number of interns and residents 
busy all day and part of the night. Diagnosis and treatment including opera- 
tion, preoperative and postoperative care in some instances have become exceed- 
ingly time consuming and expensive. To enlarge on one of these items, we 
know that it is not unusual to find that a surgical service today requires 30 to 
35 residents to carry out the obligations of teaching, research, and patient care 
which were presumably adequately provided by 4 to 6 residents for the same 
number of patients’ beds only 10 to 15 years ago. Hospital costs have increased 
to the point where the many teaching hospitals demand and receive full cost 
of 80 to 90 per cent of the ward bed patients. Blue Cross, just to take the 
probable largest single hospital expense insurer, pays the hospital not the stated 
semiprivate rate of a hospital but more like what a given hospital in its metro- 
politan or rural area could collect of noninsured patients of equal economic 
status. Let us guess that this is 90 per cent of the sum of the stated semi- 
private rate asked by the hospital. If the patient chooses to be cared for in a 
ward bed, the amount of money paid to the hospital is reduced. When the 
patient does not choose to go to a ward bed and a semiprivate bed is not avail- 
able, the hospital must provide the patient with a private bed at a greater loss 
to the hospital. Thus, hospital insurance pays the teaching hospital not its 
costs but it simply assures the hospital of almost that proportion of its costs that 
the hospital might collect in the absence of insurance. Blue Cross in computing 
its rates for hospitals will not allow the costs of outpatient departments and 
emergency rooms to be included as part of the over-all hospital costs. Ob- 
viously it has not allowed anything for teaching—let alone research. On a 
nationwide basis hospital costs to the patient had increased in 1953 to the ex- 
tent that they exceeded for the first time medical service fees for all patients 
including those not requiring hospitalization.1 Hospital insurance payments 
have not kept pace with increasing hospital costs. Hospitalization insurance 
certainly has not materially helped the teaching hospitals to meet their increas- 
ing cost, especially their proportionate costs of research and teaching. To those 
who would say that the costs of hospitalization have increased to the point 
of being unreasonable, I would point out that there is some evidence to indicate 
that in terms of working days required to pay hospital bills and working days 
lost, hospital costs are less expensive today than they were 50 years ago.° 


COLLECTION OF FEES FOR SURGICAL TEACHING PATIENTS 


In many teaching hospitals years ago these insurance fees were collected 
by and retained by the residents. When the total yearly sum assumed larger 
proportions it was frequently divided several ways to further the interests of 
the particular teaching service. Frequently, part of it was used to supple- 
ment the generally low income of the senior resident; part of it was used for 
surgical research; and the remainder fortified the services’ general activities, 
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and even at times purchased equipment or provided help which the hospital 
could not afford. Several states now have laws which make it illegal for individ- 
uals to collect the insurance fees of teaching ward-service patients. In addi- 
tion, most medical insurance forms indicate that the signator personally per- 
formed all the medical services of the patient. The result has been varied. Re- 
cently, in a number of hospitals, no attempt has been made to collect the ward- 
service, medical, or surgical insurance fees. In others, it was collected and 
sizable accounts have accrued but not used because the administrators of the 
fund were afraid or uncertain as to how the money legally could be used. Still 
others established a fiduciary fund in which all the fees of ward-service pa- 
tients were placed. Such a fund was then divided by vote of the participating 
surgeons to themselves according to the relative amount of time each of the 
individuals had spent in furthering the interests of the hospital, the teaching 
program, and in final analysis, the amount of time spent in the care of the 
patients. Such proportions of a fiduciary fund received by various participat- 
ing individuals may or may not have been turned over to a service fund to be 
used for furthering the teaching program. 

Another method of handling the funds is that of having the hospital collect 
them for its teaching program. Ostensibly, these funds are used for the re- 
muneration, financial or otherwise, of the interns and residents. There is dif- 
ference of opinion as to whether the latter is proper and even legal in some 
areas. Other services have organized semiprivate surgical teaching wards to 
which only patients with surgical fee insurance are admitted. The fees collected 
are handled as a fiduciary fund and managed as previously deseribed with or 
without contributions to the residents, teaching program, research, and the 
hospital. A modification of this is the establishment of a group practice for 
the management of the surgical insurance patients used for teaching purposes. 

When there are state laws prohibiting the collection of such ward-service 
surgical fees by an individual or from those insurance companies whose forms 
obligate the signator to indicate that only he provided the care of the patient, 
it is not possible legally to collect the fees for the good of the teaching program 
except by group practice. Do we want group practice? If so, would the resi- 
dents be a part of that group or would they still be the responsibility of the 
hospital? If a doctor in private practice after serving only a year’s internship 
is entitled to receive the insurance fees, why cannot either the hospital or the 
more senior residents be legally entitled to the same fees? The patient who 
chooses to go to a teaching hospital undoubtedly receives better care because 
he is treated by individuals with more training and experience in an atmos- 
phere where adequate comparison, consultation, and supervision abound. 


THE MEDICAL SCHOOL AND POSTGRADUATE TEACHING 


There ean be little doubt that the cost of medical school training is per 
student the most costly of any type of graduate school training which pro- 
duces as many as 7,000 graduates a year. The medical students’ tuition fees 
pay from one-third to one-fifth of the cost per student to the medical school. 
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Large endowments are becoming scarce. Costs have increased and endowments 
to medical schools, like endowments to individual hospitals, have failed to pro- 
vide the money necessary to carry on. Nearly all schools now have annual 
alumni giving drives to make up their deficit. The National Fund for Medical 
Edueation has been organized to attempt to help support the medical schools. 

Last year the number of postgraduate medical students—interns and resi- 
dents—out numbered all the medical students in medical schools. Roughly 
55 per cent of all the students of medicine were in internship or residency 
training programs in 1955.2 This also means that one out of every 7 physicians 
in this country was engaged in postgraduate training. Furthermore, as medical 
care becomes even more complicated and time consuming, the average post- 


graduate period of training in the specialties probably will increase in scope 


as well as become more costly. The medical schools both physically and finan- 
cially are unable to provide the postgraduate training demanded by all of their 
graduates who feel the need for training. Why should not all schools and 
major and minor teaching hospitals be clearly and legally entitled to the medi- 
cal insurance fees to promote their research, training, and teaching programs? 


ABILITY OF THE PROFESSION TO CONTINUE POSTGRADUATE TEACHING 


The medical profession as a profession has stood and does stand alone in 
its willingness to administer adequate care to those who are not able to afford 
proper care. The ability to do this naturally came from the fact that the 
middle economic group of patients paid a nominal fee and the fees increased 
as the economic situation of the patient increased. Insurers do recognize the fee 
seale. The trend toward insurance also is a great leveler of fees for it tends 
to standardize fees. There seems to be little doubt that the eventual effect of 
these schedules will be to standardize fees at a lower level by decreasing the 
spread between maximum and minimum fees. Will or does this now tend to 
lessen the ability of the teaching, clinical surgeon to devote as much time to 
instruction of the intern and resident to postgraduate surgical teaching as he 
so generously donated in the past? Should the major and minor teaching hos- 
pitals subsidize the physicians in their teaching programs? It must be re- 
membered that most medical schools, medical colleges, and universities have 
found it very difficult to subsidize or wholly support the heads of the clinical 
departments. The various members of each clinical department receive a mere 
token for service rendered. 


WHAT SHOULD BE DONE 


It would appear that our progress to date in these matters has been similar 
to pieces of wood floating down a large river. We were consciously, yet some- 
times merely subconsciously, aware of the direction of the future. We all recog- 
nized that there is no absolute security and that everything about us is chang- 
ing. Nothing remains the same. Only occasionally did one or another of us 
become agitated. Certain vocal individuals or groups complained bitterly about 
the flow of the river. For the great majority the calmness of our progress was 
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10 ZINTEL 
disturbed from time to time only when certain individuals were caught and 
remained in an eddy or were constantly bumping into the shore. The rest 
floated on unperturbed. 

Perhaps we should look at the cooperative efforts of the medical profession 
as industry, which it is and is so listed under Health Services of the Department 
of Commerce. In almost all other industries the cost of research, teaching, and 
development is passed on to the consumer. Why would not the consumer be 
willing to pay this additional cost, especially if he realizes that the chances are 
9 to 1 that he is alive today because of advances of medical knowledge and that 
medical knowledge is advancing at a greater rate than ever before. How 
would the insurers feel about providing money for research and teaching from 
the insureds’ premiums? Such a move would not be unusual, for many life 
insurance companies have donated large sums of money for medical research 
in the past. This has been good business. A recently cited example is the de- 
velopment of the sulfa compounds which up until the time of the proof of 
their efficiency cost $150,000.00 (by estimate). In one year, the sulfa com- 
pounds saved one insurance company $3,000,000.00 by preventing deaths from 
lobar pneumonia alone and that in only the West Coast Area of the United 
States.° 


It is most probable that the insurers entered the health field as ‘‘babes in 
the woods’’ or at least ‘‘with their tongues in their cheeks’’ for they must have 
had little in the way of satisfactory actuarian tables to guide them. They 
probably started low to provide a package which people would buy and with 
which they could meet competition regardless of whether they were nonprofit 
organizations or not. It is also probable that the response to voluntary health 
insurance has exceeded both their fondest hopes and their fondest expectations. 
It is, therefore, possible to presume that they might increase their premiums 
to provide for research and postgraduate training. The American People have 
decisively indicated by their willingness to purchase voluntary health insurance 
that they would prefer private enterprise insurance to Federal Health Insurance. 
They might be willing to accept these costs that previously have not been in- 
eluded as a part of the cost of individual medical care. The additional cost of 
medical research and teaching might amount to as much as 5 per cent of the 
present total. Perhaps the insurance companies would provide a proportion 
of money commensurate to the proportion of the population they have insured, 
and the Federal Government could provide a proportion of money commen- 
surate with their nonvoluntary coverage plus any additional amount they feel 
is indicated on a national basis. I, personally, do not believe that the people 
would want the government to finance completely or almost completely all 
medical research and all medical education, because our economic structure is 
based on private enterprise. 

Now the costs of health, research, and graduate and postgraduate teaching 
have been mentioned. What might these add up to in dollars? Knowing 
little about economies, I have borrowed some suggestions and comparisons from 
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Alan Gregg which essentially are as follows.2 For many men the costs of re- 
placing and maintaining hats and shirts are $100.00 per year. One hundred 
dollars a year, approximately $2.00 a week, from each individual in this country 
would have provided in 1956, $16,809,100,000.00 which could have produced 
a medical service the like of which has never been known. In 1953, the total 
charges for all private personal health services were $10.2 billion. Sixteen 
billion dollars amounts to roughly four times the amount of money spent on 
cigarettes in the United States each year, and not everybody smokes. If each 
doctor now in practice would send back to his medical school $100.00 a year, 
it would amount to $20,000,000.00 yearly for medical education. Each doctor 
could send $100.00 for 20 years without repaying what has been given him! 
The average sum of money collected by the National Fund for Medical Educa- 
tion in the period of January, 1951, to December 31, 1955, was a little less than 
one million dollars per year. 

In this day and age when our population is expanding at such a rapid 
rate, we as physicians cannot be as independent of political, social, and economic 
forees aS we or our predecessors have been in the past. At intervals we must 
stop our intriguing, absorbing, and seemingly endless work to observe and con- 
template the world in which we live. 

I have attempted to present several facts regarding health insurance today. 
Several ways in which it can or does adversely affect teaching have been men- 
tioned. A number of questions have been raised. I have no answers nor orig- 
inal suggestions. The significance of these matters I leave for you and your 
colleagues to judge. In concluding this presentation I would leave you with 
this thought. Surgery which further developed the Halsted system of post- 
graduate training, now adopted by most other specialties of medicine, will prob- 
ably be the first to feel the full impact of health insurance. 
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STUDIES ON POSTGASTRECTOMY STEATORRHEA USING 
RADIOACTIVE TRIOLEIN AND OLEIC ACID 


W. W. SHINGLETON, M.D., J. K. Istey, M.D., R. D. Fuoyp, M.D., 
A. P. Sanpers, M.A., G. J. M.D., R. W. PosttetHwait, M.D., anp 
J. M. Rurrin, M.D., DurHam, N. C. 


(From the Departments of Surgery, Medicine, and Radiology, Duke University Hospital, and 
Durham Veterans Administration Hospital) 


INTRODUCTION 


N A study, previously reported,’ using I'** triolein to evaluate fat absorp- 

tion and excretion after various operative procedures on the stomach for 
peptie ulcer, it was found that approximately one-half of patients following 
Billroth II type partial gastrectomy (65 per cent resection, Hofmeister tech- 
nique) had impairment of fat absorption. In this study, measurement of 
blood and fecal radioactivity was done following a test meal containing 50 se. 
of I'** labeled triolein in a peanut oil—barium mixture.* Fifty patients, 1 to 
5 years following Hofmeister resection, were studied in this manner, and results 
revealed that 23 had significantly low blood radioactivity and 26 abnormally 
high feeal radioactivity. Analysis of weight changes in this group of patients 
showed that two-thirds of these 50 patients were below their ideal weight. 
Of the 33 patients who were below ideal weight, 19 were found to excrete 
excess fat in the stool; the average was 25 per cent of the administered fat. 
These findings were in conformity with previously reported studies® * *° on 
weight loss and feeal fat excretion following partial gastrectomy of the Billroth 
II type where conventional metabolic fat techniques were employed. The use 
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*The technique of the test was as follows: Patients were fasted from 12 midnight to 
9 A.M., at which time they were given 0.9 ml. of Lugol’s solution followed by a test meal 
consisting of 50 ue. of I! labeled glycerol trioleate (obtained from Abbott Laboratories, Chi- 
cago, Ill., under Atomic Energy Commission authorization), 0.5 ml. of peanut oil per kilogram 
of body weight emulsified in an equal amount of water, and 2 to 3 ml. of Tween 80. Twenty 
grams of barium sulfate were added to the test meal and the ingredients of the meal were 
mixed in a Waring blender. Following ingestion of the meal, the beaker was rinsed twice 
with 50 ml. of water, and the subject drank the rinse but otherwise fasted throughout the 
test. Patients were fluoroscoped at the fifth hour to evaluate gastric emptying. Two ml. of 
venous blood were withdrawn at 4, 5, and 6 hours following the test meal. Each sample 
was placed in a separate tube and assayed for radioactive I content in a calibrated, sodium 
iodide, thallium activated, scintillation crystal well counter. The total blood volume was 
assumed to be 7.2 per cent of body weight. Using the measured radioactivity ®f the 2 ml. 
sample and the calculated total blood volume, the total radioactive I blood level was 
determined and expressed as a percentage of the ingested material. In 75 patients, all stools 
passed during the next 48 hours were collected in individual containers. The containers 
used were plastic-lined, 240 ml. (one-half pint), waterproof cartons. Care was taken to 
keep the samples free of urine. A sodium iodide, thallium activated, scintillation crystal 
detector and a Nuclear Instrument and Chemical Corporation Model 161-A scaler were used 
in checking all stool samples for radioiodine content. The detector was positioned 15 ecm. 
from the top surface of the sample container. All samples were counted for sufficient time 
to give statistical accuracy to the data. A 100 gm. homogenously distributed standard so- 
lution containing an amount of I equivalent to that ingested by the patient, allowing for 
decay, was counted in the same manner. Direct comparison between the net sample counts 
per minute and the net standard counts per minute allowed a total radioiodine recovery in 
the feces to be determined as a percentage of the ingested material. 
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of radioaetive tracer techniques has simplified the study of postgastrectomy 
steatorrhea to the extent that large groups of patients can be studied in a 
relatively short period of time and, in addition, has made possible a more 
precise appraisal of the contributing factors involved in postgastrectomy 
steatorrhea. Specifically, the present report deals with the following studies 
in postgastrectomy patients: (1) The use of both a radioactive neutral fat 
and a fatty acid to differentiate between impaired digestion and absorption 
in patients with steatorrhea, (2) the effect of the site of anastomosis (gastro- 
duodenostomy or gastrojejunostomy) after partial gastrectomy on fat absorp- 
tion, (3) an evaluation of calorie intake and fat absorption in relation to 
weight loss after operation, and (4) the effect of the addition of bile and 
pancreatic preparations to the test meal in patients with postgastrectomy 
steatorrhea. 


Studies Using I'*! Labeled Oleic Acid.*—The technique of the oleie acid 
test has been established and previously reported.2 Twenty-four individuals 
with no evidence of gastrointestinal disease were used as normal controls and 
tested in the following manner: After 4 hours of fasting, each control was 
given a gelatin capsule containing 0.5 e.c. of oleic acid which included 25 ue. 
of I*** labeled oleic acid. The subjects were then given 20 drops of Lugol’s 
solution and 3 gelatin capsules containing barium sulfate powder. This was 
taken with a small amount of water. <A fasting state was then maintained for 
the following 6-hour period. 


Two milliliter venous blood samples were drawn at hourly intervals at 
the second through the sixth hour following ingestion of the capsules. At 
the third hour a fluoroscopic examination of the abdomen was carried out to 
determine gastric emptying and the location of the test meal. The subjects 
were allowed to return to their normal eating habits after the 6-hour period. 
All feces passed within 48 hours after the test meal were collected in 
individual containers. 


Fourteen postgastrectomy patients, who had been found to have excess 
fat in the stool when tested with I'*! triolein were likewise tested as described 
above. 


Table I shows the results of blood radioanalysis in the postgastrectomy 
patients using triolein and oleic acid.t All of the patients had lowered blood 
and elevated fecal values after the triolein test. Ten of the patients had 
normal blood values after the oleic acid test; 3 of the remaining tests were 
only slightly below normal. Nine of 13 patients had normal fecal values after 
the oleic acid test; 3 tests were only slightly above normal, and one significantly 
abnormal. 


*Obtained from Abbott Laboratories, Chicago, Ill., under Atomic Energy Commission 
authorization. 


{The sum of the 4-, 5-, and 6-hour blood levels has been arbitrarily chosen as a single 
value for analysis. It is believed that using the 3 levels in this manner would reduce the 
probability of certain errors which might occur with a single point observation. In using 
the 3 levels in this way there is no attempt being made to attach biological significance to 
the result of the sum. This result is correlated with the results of fecal recovery to recognize 
impairment of fat absorption. 
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TABLE I. BLoop RADIOANALYSIS IN POSTGASTRECTOMY PATIENTS USING TRIOLEIN AN) 


OLEIC ACID 
BLOOD VALUES FECAL VALUES 
PER CENT PER CENT 
PATIENTS TRIOLEIN | OLEIC ACID TRIOLEIN OLEIC ACID 
1 15.5 20.6 5.57 0.0 
2 7.7 30.37 33.6 1.2 
3 11.25 31.7 No spec. 2 
4 10.3 33.5 28.2 7 
5 13.2 26.2 15.2 No spec. 
6 15.8 27.3 42.5 21.2 
7 12.8 27.1 38.0 3.4 
8 20.3 10.7 3.0 0.0 
9 20.5 13.0 26.7 13.0 
10 14.0 27.9 13.6 9 
11 14.4 25.3 46.6 3.6 
12 16.4 34.3 28.0 1.0 
13 8.17 42.2 28.0 2 
14 16.1 21.7 5.87 1.5 
14 Patients 
average 14.0 26.6 24.2 3.6 
Controls 25 controls 15 controls 25 controls 14 controls 
average 40.3 33.8 6 4 
Limit of 25 controls 15 controls 25 controls 14 controls 
normal (95% (lower limit) (lower limit) (upper limit) (upper limit) 
confidence ) 23.6 23.4 1.4 2.8 


Influence of Location of Anastomotic Stoma.—Two of the currently used 
operative procedures in the surgical treatment of complicated peptic ulcer 
are a partial gastrectomy with the creation of either a gastroduodenostomy 
(Billroth I) or a gastrojejunostomy (Billroth II). Nine patients following 
a Billroth I and 50 following a Billroth II procedure have been studied with 
labeled triolein (Table II). The blood and fecal values in the Billroth I group 
were found to be normal or only slightly abnormal in contrast to the more 
pronounced abnormal values present following the Billroth II type partial 
gastrectomy. 


Caloric Intake and Fecal Fat Excretion in Relation to Weight Change 
Following Partial Gastrectomy.—Forty-two postgastrectomy patients (65 to 75 
per cent Hofmeister resection) were admitted to the hospital and a careful 
estimate of daily caloric intake was made by a trained dietitian. Table III 
shows the weight status correlated with the estimated average daily caloric 
intake. There was no statistical difference in the calorie intake in those 
patients above and those below ideal weight. Fecal fat excretion tests were done 
in 26 patients, using the I*** labeled triolein technique. Of these patients, 
13 were below ideal weight. Eighteen of the 26 patients had excess fecal fat 
excretion; the average was 14 per cent. Eleven of the abnormal fecal fat tests 
occurred in the 13 patients who were below ideal weight, and in only one of 
these patients was there an estimated daily average caloric intake of less than 
2,000 calories. 


Effect of Bile and Pancreatic Preparations on Fat Absorption in Post- 
gastrectomy Patients—Three groups of postgastrectomy patients who had 
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TABLE II. I ParRTIAL GASTRECTOMY 


BLOOD VALUES FECAL VALUES 
PATIENT (PER CENT) (PER CENT) 
i | 43.7 3.5 
2 17.2 8.0 
3 14.4 7.1 
4 33.0 1.07 
5 33.2 2.8 
6 22.6 8.7 
7 36.4 3.4 
8 28.2 2 
9 33.5 3.8 
9 Patients (Billroth I)—average 29.1 4.28 
*25 Controls—average 40.3 6 
BILLROTH IT PARTIAL GASTRECTOMY 
BLOOD VALUES| FECAL VALUES BLOOD VALUES | FECAL VALUES 
PATIENT (PER CENT) (PER CENT) PATIENT (PER CENT) (PER CENT ) 
] 36.3 26.0 26 27.3 1.4 
2 19.8 24.0 27 38.5 .26 
3 12.8 38.0 28 35.5 1.8 
+ 18.0 35.0 29 38.7 1.0 
5 14.1 20.0 30 32.2 0.0 
6 20.3 3.0 31 24.1 oO 
| 31.1 11.4 32 36.7 3.8 
8 23.3 50.5 3s 15.5 1.5 
9 16.7 55.8 34 29.4 1.49 
10 29.5 9.4 35 31.9 1.0 
1] 35.8 LS 36 16.4 17.0 
12 28.1 7.4 37 24.4 2.9 
13 27.2 4.0 38 12.6 2.9 
14 32.8 39 40.4 
15 17.5 23.0 40 16.4 28.0 
16 20.5 26.7 41 8.17 28.0 
iy 40.0 3.8 42 28.4 6 
18 23.4 30.3 43 (Pr 78.0 
19 11.0 12.8 44 25.5 a 
20 27.3 11.5 45 24.0 3.9 
21 22.4 0.0 46 25.3 5.3 
22 32.9 0.0 47 10.8 26.5 
23 26.7 26.8 48 12.8 30.6 
24 23.0 sh 49 30.1 1.9 
25 18.2 23.8 50 37.3 3.2 
50 Patients (Billroth I1)—average 24.56 14.14 
*25 Controls—average 40.3 6 
*25 Controls—Limit of Normal (95% confidence) 23.6% 1.4% 
(lower limit) (upper limit) 


TABLE III. WriGHr CHANGES AND CALORIC INTAKE IN 42 POSTGASTRECTOMY PATIENTS 


LESS THAN MORE THAN 
MINIMUM MAXIMUM 
CALORIES WITHIN IDEAL RANGE IDEAL WEIGHT IDEAL WEIGHT 
1,500-2,000 3 1 
2,001-2,500 3 4 1 
2,501-3,000 4 3 3 
3,001-3,500 3 5 2 
3,501-4,000 1 4 3 
Totals 14 1 


| 

d 

| 

ag 

| | 

h | 

| | 

re | 

al | 

ye 

15 

ul 

} 

se 

ne 

3s, 

at | — 

of 

an 4 

st- 


16 SHINGLETON ET AL, joe ee, 
impaired absorption following the triolein test were selected. The test was 
repeated in one group with the simultaneous oral administration of a pan- 
ereatie preparation (Viokase*), in the second group with bile salts, and in 
the third group with both bile salts and Viokase. Six patients were given 2 
Gm. of Viokase alone with their test meal, with no significant alteration of the 
blood levels or stool fat. Three patients were given 3 Gm. of bile salts alone 
with their test meal without significant change. Five patients were given 
both Viokase (2 Gim.) and bile salts (3 Gm.) with their test meal. Four 
of the 5 displayed a marked inerease in blood values of radioactivity above 
those following the triolein meal alone (Fig. 1). 


[77] TRIOLEIN - TEST MEAL | 


TRIOLEIN- TEST MEAL | 
WITH BILE * VIOKASE 


PATIENT 


"| NORMALS 25 CASES | 
*23 6 Lower limit ot normal ee! 


UNITS (%) 


Fig. 1.—Blood levels—average of sum of 4-hour plus 5-hour plus 6-hour samples in 5 post- 
gastrectomy patients. 


Three patients with low triolein blood values had their test repeated and 
10 minutes prior to the second test were given intravenous secretin.{ No 
significant improvement in blood values oceurred. 


Twelve patients who were under ideal weight were given Viokase, 2 Gm. 
3 times daily at mealtime, from 1 to 3 months, without improvement of their 
weight status. 
DISCUSSION 


Evidence from many sources* indicates that many patients following 
a two-thirds to three-fourths partial gastrectomy of the Billroth II type have 
a mild to moderate degree of steatorrhea. A more severe degree of steatorrhea 
occurs in 10 to 15 per cent of patients following this operative procedure." 
Some debate exists regarding the importance of fat loss in the stool as a 
contributing factor in postgastrectomy malnutrition. The degree of steatorrhea 
and weight loss cannot be correlated in all patients. It is of interest, however, 
in the postgastrectomy group previously reported, that the average fat exere- 
tion after the test meal was 25 per cent in those patients who were under 
ideal weight, whereas the average fat excretion was 15 per cent in the patients 


*Viokase is whole, raw pancreas, dessicated and defatted, supplied by the VioBin 
Corporation, Monticello, Ill. 


7U.S.P. ox bile extract. 
tSupplied by Eli Lilly and Company, Indianapolis, Ind. 


| 
| 
| 
3 | 
| 
| 


EST, 


— . POSTGASTRECTOMY STUDIES USING FAT AND FATTY ACID 17 
Number 
whose weight was normal or above.’* This suggests that impaired fat absorp- 
tion does contribute, along with other factors, to the poor nutritional state 
of some patients following partial gastrectomy. Although space does not 
permit a detailed discussion of all possible factors contributing to weight loss 
following Billroth II type partial gastreetomy, the following causes may be 
listed : 
1. Deficient caloric intake due to 


a. inadequate gastric reservoir ; 
b. lim‘tation of intake due to digestive symptoms, such as dumping 


2. Impairment of absorption due to 
a. rapid intestinal motility 
b. inadequate mixing of food with bile 
3. Impairment of digestion due to 
a.rapid gastric emptying 
b. bypass of duodenum, resulting in 
1) deficient pancreatic stimulation 
2) inadequate mixing with bile and pancreatic juice 

Some observers® ‘* have concluded that the weight loss in postgastrectomy 
patients is in relationship to the amount of stomach removed. They feel that 
the size of the residual gastric pouch determines, to a large extent, the caloric 
intake and that deficient caloric intake is the chief factor contributing to weight 
loss in these patients. Others? have commented on the deficient caloric intake 
present in patients following partial gastrectomy who have fear of food intake 
beeause of dumping symptoms. In the present study, wherein fecal fat execre- 
tion was above normal in 11 of 13 patients below ideal weight, the caloric 
intake was estimated to be below 2,000 calories daily in only one of the 13 
patients. 

Although an inadequate gastric reservoir may be a faetor leading to 
weight loss in some patients, it is of interest that in a study'* on 21 patients 
who had a vagotomy with gastroenterostomy, with the entire stomach remaining 
as a reservoir, 7 of the patients were under ideal weight, and the average 
fecal fat exeretion following the triolein test meal in these patients was 22 per 
cent. 

The factor of small bowel transit time is extremely difficult to evaluate. 
In a recent study,'' the small bowel transit time in 173 normal individuals 
varied from 15 minutes to 5 hours and in 10 per cent the transit time was 
less than 30 minutes. No abnormality in small bowel transit time was noted 
in any of 12 patients with postgastreetomy steatorrhea studied by conventional 
radiographic techniques. 


Several reports have appeared in the literature suggesting that patients 
‘ollowing Billroth I gastrectomy are in better nutritional state than those 
following Billroth II type gastrectomy.” #14 Previous reports of fat balance 
studies* '* 1° on Billroth I patients indicate that they exerete fat within or 
slightly above the normal range. Studies on 9 Billroth I patients using the 
I'*' Jabeled triolein technique corroborate these findings. 
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In a recent study Polak and Pontes reported the effect of administration 
of pancreatin and bile salts in 4 patients with steatorrhea following Polya type 
partial gastrectomy and found that panereatin alone did not reduce feeal 
fat exeretion, but that either pancreatin plus bile salts or bile salts alone were 
effective in doing so. They concluded that postgastrectomy steatorrhea was 
due to bile deficiency. 

There is, however, much evidence to suggest that postgastrectomy stea- 
torrhea may be related to a derangement of pancreatic function. The stimulus 
to pancreatic secretion is both nervous and hormonal, induced when food 
enters the duodenum or when vagal stimulation occurs. Interference with 
either or both of these mechanisms would presumably alter pancreatic function. 
Partial gastrectomy of the Billroth II type interferes with the hormonal phase, 
and possibly also the neurogenic phase of pancreatic secretion. Annis and 
Hallenbeck! found marked reduction in volume and enzyme content of pan- 
ereatie juice in dogs following subtotal gastrectomy. 

The results obtained from comparative studies with labeled triolein, a 
neutral fat, and labeled oleic acid in postgastrectomy patients indicate that 
absorption of oleic acid was normal in a majority of patients showing abnormal 
absorption of triolein. This is the same pattern of response that is seen in 
patients with pancreatic insufficiency, where the defect in utilization of fat is 
due to faulty digestion.'° Thus, these data on postgastrectomy patients with 
steatorrhea suggest that the primary difficulty is more likely a deficiency 
of digestion rather than an error of absorption of fat. This information 
should make possible a more rational approach to substitution therapy in 
those patients found to have significant impairment of fat absorption after 
partial gastrectomy. 

The combination of bile salts and Viokase was the only preparation 
tested to date which, when given with the triolein test meal, has resulted in a sig- 
nificant elevation of blood radioactivity. It should be emphasized that the num- 
ber of cases is too few to draw any conclusions, and the clinical significance of 
these observations remains to be determined. 


SUMMARY 


Following an I'*! triolein test meal, blood values of radioactivity were 
significantly lower and feeal radioactivity higher in a group of postgastrectomy 
patients (Billroth II type) than corresponding control values. In eontrast, 
the blood radioactivity and radioactive content of the stool were normal in 
two-thirds of this group following an I'*' oleic acid test meal. 

The radioactive content of the stool following an I** triolein test meal 
was significantly lower in patients who had a Billroth I as compared with 
those who had a Billroth II type gastrectomy. 

Dietary history showed no significant difference in ealorie intake in that 
group of patients who were under ideal weight as compared with those whose 
weight was ideal or above. 
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The addition of bile salts and panereatie extract to the I'*! labeled triolein 
test meal resulted in a striking inerease in the blood level of radioactivity im 
4 of 5 patients studied. 
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DiIscuSSION 


DR. HAROLD G. BARKER (New York, N. Y.).—I would like to congratulate Dr. 
Shingleton on a very nice study. We have been interested in similar studies and have also 
used tagged fat and fatty acid following gastrie surgery. I think that Dr. Shingleton’s 
comparisons between Billroth I and Billroth IL resections are extremely important, and we 
have no comments to make on this since our series of Billroth I’s is not yet large enough. 

We have studied 17 subtotal gastrectomy patients, each by both techniques, that is, 
the radioactive tagged neutral fat, and the tagged fatty acid. These have mostly been Hof- 
meister resections. We have also studied 11 patients by both techniques who have had 
total gastrectomies and there is a comparison here that has been of interest to us. 


In the subtotal gastrectomy patients, we found, as did Dr. Shingleton, that the ab- 
sorption of fatty acid is essentially normal in the majority of these patients. However, 
in the total gastrectomy patients, we find a definite depression of absorption of both the 
fat and the fatty acid. 
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Now, one would be tempted to conclude from the data on the subtotal resections that 
the absorption through the intestinal wall is normal and that therefore the defect and the 
explanation for the depression of neutral fat absorption is one of digestion. However, one 
has to conclude from our data following total gastrectomy that the intestinal wall is not 
absorbing normally because here the fatty acids are not absorbed normally. This suggests 
the possibility that actually even subtotal gastrectomies are not absorbing normally (al- 
though better than totals) and that perhaps the reason that the normal fatty acid figures 
are obtained is that the gastric emptying time is faster than in a normal person. 


DR. HENRY THOMAS RANDALL (New York, N. Y.).—I would like to make one 
observation that is of some clinical importance with regard to nutrition of these patients. 
We also have shown by metabolic studies that absorption deficits do exist in both subtotally 
and totally gastrectomized patients and certainly they exist in increasing amount relative 
to the amount of stomach resected and are worst in the patients who have had total gastree- 
tomy. These very beautiful studies just presented by Dr. Shingleton give us much more 
information as to why these defects occur. However, there is a relatively important point 
that I think should be called to your attention. It has been our observation and that of 
others that the amount of fat absorbed is proportional to the intake of fat. Indeed it seems 
to have a linear relationship so that even though a patient may have a deficit absorption 
and lose 20, 30, 40, or even 50 per cent of the ingested fat and is absorbing only 70 Gm. 
out of 100, if he takes in 150 Gm., he will once again absorb two thirds of it, and in this 
fashion the nutrition of the patient may be maintained calorie-wise, even though a deficit 
exists as a result of the surgery. 

The observations by Dr. Shingleton that there is no significant difference in the 
caloric intake of the underweight patients and those patients who apparently have main- 
tained their weight is of considerable interest. 

It has been our observation in general that patients who are markedly undernourished 
following gastrectomy are patients who have had relatively lower caloric intakes than those 
who maintain their weight fairly well. If any of these patients, however, can be encouraged 
to take in an extra 500 calories and, if fat intake can be increased, nutrition is usually 
considerably improved. The linear relationship between intake and absorption makes it 
possible to compensate for the deficits which have been so nicely demonstrated. 


DR. EDWIN H. ELLISON, Chairman (Columbus, Ohio).—I might point out that we 
have also found that the patients who are below their ideal weight are usually the ones that are 
not eating a sufficiently high caloric diet. We once calculated that the average weight loss in 
a group of 11 postgastrectomy patients is approximated some 14 pounds. These patients 
lost 210 Gm. of fat per day that should have been absorbed. This meant that each patient 
lost 1,470 calories per week and 5,780 calories in a month, which easily accounted for all 
of their weight loss. 

IT would like to add an additional question to the one that has been presented to Dr. 
Shingleton, namely, since bile salt must apparently be added to Viokase or pancreatic gran- 
ules, does this mean that we are dealing with a problem of emulsification rather than diges- 
tion in patients with subtotal or total gastrectomy? 


DR. TILDEN C. EVERSON (Chicago, Ill.).—Since there has been some controversy in 
the literature as to the degree and the incidence of steatorrhea following gastric surgery, 
I was most interested in hearing this informative and carefully performed study of Dr. 
Shingleton. In the surgical laboratories at the University of Illinois, we have been study- 
ing the problem of postgastrectomy steatorrhea for a number of years and more recently 
with emphasis on the effect of the extent of an objectively measured gastric resection. 

In our normal control dogs, we found that with the high fat diet and the chemical 
method of fat extraction which we have utilized, that approximately 4.9 per cent of the fat 
was excreted in the feces, and following a gastroenterostomy approximately the same amount 
was excreted. If a 50 per cent gastric resection which was objectively measured was per- 
formed, approximately 6 per cent of the fat was found in the stool and actually, in the 
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majority of these animals, there was no difference from normal. If a 67 per cent resec- 
tion was performed, approximately 20 per cent of the fat was excreted. If a 75 to 80 
per cent resection was performed, these animals excreted approximately 28 per cent of the 
fat, and after total gastrectomy approximately 32 per cent of the fat was excreted. All 
of these procedures were performed with the Billroth II technique. Now, I agree with Dr. 
Randall that if patients will eat sufficient amounts of food, they can correct the weight 
deficits which they have. Unfortunately, it has been our experience that these patients have 
a considerable amount of difficulty in eating their normal amount of food, and to eat a 
sufficient amount of food to counteract the fat loss in some instances has been almost a 
superhuman effort. These studies of Dr. Shingleton indicating that the deficit can be de- 
creased by the addition of bile salts and pancreatin should be most helpful in these patients. 


I should like to ask Dr. Shingleton what dosages of bile salts and pancreatic extracts 
he used in his studies. 


DR. SHINGLETON.—In regard to the dose of Viokase and bile salts, the dosage was 
2 Gm. of Viokase given with the test meal, and the dose of the bile salts (U.S.P. ox bile 
extract) was 3 Gm. 


In answer to Dr. Ellison’s question, I would say that since we did not get the maximum 
response with Viokase alone, and the addition of bile salts did improve fat absorption, this 
would indicate that both digestion and absorption of fat were altered. Of course, we need 
further studies along this line before we can draw this conclusion. 
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THE COMPARATIVE ABSORPTION OF LABELED FAT AND 
FATTY ACID IN THE STUDY OF PANCREATIC DISEASE 


KettH REEmtsMA, M.D.,* JAmMEs R. M.D., anp G. Barker, M.D., 
New York, N. Y. 


(From the Department of Surgery, Columbia University, College of Physicians and Surgeons, 
and the Surgical Service of the Presbyterian Hospital) 


HE over-all process of intestinal fat absorption may be divided arbitrarily 

into two phases: first, the enzymatie digestion of neutral fats and, second, 
the absorption of the products of digestion. The exact type and degree of di- 
gestion required is not yet fully known, but it is generally agreed that at least 
partial hydrolysis of fats must precede absorption. It is also recognized that 
digestive enzymes are essential to the initiation of this hydrolytic process. 

The present study undertakes the separation of these two phases by com- 
parison of the absorption pattern of a labeled neutral fat with that of its 
principal fatty acid. In theory, a person with normal enzymes and normal 
intestinal absorption would show similar blood levels of the tag following in- 
gestion of either the unhydrolyzed form (neutral fat) or the hydrolyzed form 
(fatty acid). However, a person lacking proper enzymes but possessing ade- 
quate absorptive ability should show a normal response only to the hydrolyzed 
form. By this method disorders of absorption due to enzyme deficiency are 
separable from the malabsorption states due to disease of the intestinal wall. 
Since the enzymes responsible for fat digestion are primarily of pancreatic 
origin, this test permits an evaluation of pancreatic function in cases demon- 
strating impaired fat absorption. 


METHODS AND MATERIAL, 


The technique of preparation of an I**! labeled neutral fat (olive oil) and 
fatty acid (oleic acid) has been previously deseribed.’® These substances were 
administered by mouth, on separate occasions, to fasting patients who had 
previously received Lugol’s solution to insure iodine saturation of the thyroid. 
Blood and urine were collected at intervals up to 48 hours, radioactivity in 
the specimens was counted, and the results were caleulated in terms of per 
cent of the dose administered. In the case of serum samples, the results were 
expressed as per cent of dose in the entire plasma volume based on an assumed 
volume of 4.5 per cent of body weight. 

Thirteen patients with proved pancreatic disease were studied on 26 oc- 
casions. Six had what might be termed “pure” pancreatic deficiency, 4 of 


Supported in part by U.S. Public Health Service Grant RG-2926(C-5). 
Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 1957. 
*Postdoctoral Research Fellow, National Cancer Institute, U.S. Public Health Service. 
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these had had total or near total pancreatic resections, one had extensive pan- 
ereatie fibrosis following chronic pancreatitis (biopsy proved), and the other 
had pancreatic duct obstruction due to a pancreatic tumor proved at opera- 
tion. The remaining 7 patients had eystie fibrosis of the pancreas. 

A group of 10 patients with malabsorption due to diseases other than pan- 
creatie deficiency (sprue, intestinal lipodystrophy, and regional enteritis) was 
also studied. The values in normal patients had been previously determined 
and reported.'® 

In patients with deficient absorption, the expression of serum data in 
terms of per cent of dose administered results in figures so close to zero that 
the distribution necessarily becomes skewed. The use of the mean under such 
conditions is improper, and the median has therefore been chosen. The data 
in normal subjects, however, have been treated with the mean and standard 
deviation, despite slight skewness, as the figures at most sampling times are 
well away from zero and the spread is narrow. 
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1.—Curves of serum content of radioactivity at various time intervals after ingestion 


Fig. 
of I tagged olive oil and oleic acid. Data on normals are means; those on pancreatic defi- 
ciency are medians. 


RESULTS 


In patients with “pure” pancreatic insufficiency the absorption of neutral 
fat was markedly depressed. Normal subjects show a mean peak serum con- 
tent of 14.7 per cent of the dose administered at 4 hours after ingestion. The 
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pancreatic insufficiency patients reached a median peak of 1.7 per cent at 6 
hours. The 24-hour urinary recovery of the tag is also strikingly different in 
the two groups with normal subjects showing 70.3 per cent recovery and the 
pancreatic deficients only 15.4 per cent. When these same patients were given 
fatty acid the resultant median serum content of radioactivity fell within the 
normal range (mean plus or minus one standard deviation) at all sampling 
times. The 24-hour urinary recovery was, however, mildly depressed in the 
panereatie deficient subjects. (Fig. 1 and Tables I and II.) 


TABLE II. COMPARATIVE DATA IN THREE DISEASE STATES 


FAT FATTY ACID 
SERUM URINE SERUM URINE 
2| 4 6 24 | 24 48 | 2 4 |. 6 8 24 | 24 48 
HR. HR. | HR.| HR. | HR. HR. | HR. | HR. | HR.| HR.| HR. | HR. HR. 
Normals* 90 Bs = ao 6.7 80 Ta 29 6842 12.3 
“Pure” pancre- 
atie defi- 
cieneyt 1.0 if £6 -= 47 69 65 —- 20 37.9 
Cystic disease t 0.2 0.4 04 O06 11.3 31.3 10 18 18 2.7 2.2 39.8 70.4 
Intestinal mal- 
absorption§ 10 25 418 12 27.0 31.0 2.2 32 28 —- 13 27.9 38.2 


*Seven| fat tests and 20 fatty acid tests. 

7Six patients. 

tSeven patients. 

§Ten patients. 

The patterns of neutral fat absorption were similar in the patients with 
cystic disease of the pancreas and those with “pure” pancreatic deficiency, 
both groups showing marked depression in both serum and urine figures. 
Both groups also showed a similar mild depression of urinary recovery fol- 
lowing administration of fatty acid. The serum data, however, demonstrated 
very low levels in the fibrocystic group following administration of fatty acid. 
In this respect the fibrocystics resembled patients with malabsorption of non- 


pancreatic origin (Table IT). 
DISCUSSION 


Measurement of the exocrine function of the pancreas is possible by two 
general techniques. The direct approach is analysis of duodenal contents for 
enzyme activity.*'’ The indirect approach involves measurement of either 
unabsorbed foodstuffs in the stool or the end products of absorption in blood 
or urine. This latter principle yields most information when applied as a eom- 
parative tolerance test by the administration on one occasion of a test sub- 
stance requiring digestion and on a separate occasion a test substance requir- 
ing no digestion prior to absorption. Such tolerance tests have been previ- 
ously applied to starch and sugar’ and to protein and amino acids.” 7° The 
use of radioactive labeling has permitted application of the same principle to 
fats and fatty acids in the human subject.’® 

The validity of the isotope-tagged fat techniques in the study of intestinal 
absorption rests on the assumption that the iodine tag remains firm during 
passage through the intestinal cell. That this is the case is suggested by the 
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facts that the iodine is chemically incorporated into the fat molecule and that 
the major portion of the iodine is in the lipid fraction of the blood during the 
early stages of absorption.2* The use of I'*! labeled fat in the study of in- 
testinal absorption in humans was introduced in 1949 by Stanley and Thann- 
hauser.2* The test has been further developed by Baylin and his co-workers* 
and was applied to the study of pancreatic disease by Shingleton and his as- 
sociates.? The present studies extend the evaluation of pancreatic function 
by comparison of the absorption curves of fat and fatty acid. Abnormally 
low fat absorption may be due to a variety of conditions with normal enzyme 
patterns, such as various gastrointestinal resections, and diseases of the in- 
testinal tract such as sprue, intestinal lipodystrophy or regional enteritis. 
However, in each of these conditions depressed fatty acid and fat absorption 
are both observed. In “pure” panereatie insufficiency, normal fatty acid ab- 
sorption in the presence of markedly depressed fat absorption is the rule, and 
this pattern has not been observed by us in any other type of malabsorption. 

It is of interest that patients with cystic fibrosis of the pancreas do not 
follow the pattern seen in the “pure” pancreatic deficiency group. These 
patients show abnormally low absorption curves for both fat and fatty acid, 
and these findings were observed even in two fibrocystie patients who had 
shown normal enzymes by duodenal drainage. These findings are consistent 
with the current opinion® *'* that cystic fibrosis of the pancreas is a gen- 
eralized disease involving many and perhaps all exocrine glands. The pres- 
ent studies suggest that the malabsorption of cystic fibrosis of the pancreas 
may be due in part to intestinal dysfunction, in addition to the pancreatic 
deficiency which is usually but not invariably present. The absorption studies 

in fibroeysties will be discussed in detail in a separate report. 

| It is interesting to note in our data that the build-up and peak coneentra- 
tions of serum radioactivity following oleic acid are earlier in the “pure” 
pancreatic deficiency patients than in normal subjects. This may be due to 
a more rapid transit time in the patients with pancreatectomics, in whom the 
duodenum and pyloric sphincter are lacking. In spite of the normal serum 
curves following oleic acid in these patients it was found that the 24-hour 
urinary recovery of the tag was mildly depressed. This might be related to 
decreased renal function in the older pancreatectomized patients as compared 
to the younger group of normal subjects, rather than to alterations in rate or 
extent of intestinal absorption. Regardless of the reason for the depressed 
urinary recovery, it is clear that the curves of concentration in the serum 
offer more specific and uniform criteria than the urinary recovery data. If 
the test in a simplified form were to be offered for clinical diagnosis, it is ap- 
parent that the single most useful sample would be the 4-hour serum. (See 
Table I.) 

The absorption curve of fatty acid in normal subjects has been found to 
be consistently lower than that of the neutral fat. Similar findings have been 
noted in rats by the use of different techniques.*° Various explanations have 
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been advanced for this interesting finding. Some studies* 1° have sug- 
gested that fats and fatty acids are absorbed by different routes, but oth- 
ers® 24 22 have found that only short-chain fatty acids are absorbed by the 
portal system; the remainder is absorbed through the intestinal lymphaties. 
Another possible explanation of the difference is the formation in the intes- 
tinal tract of a calcium-oleate-phosphate complex which has been shown to de- 
crease Oleic acid absorption.** Slower gastric emptying following the fatty 
acid may oeceur.?° Other factors which might account for this difference be- 
tween the fat (olive oil) and fatty acid (oleic acid) absorption curves in nor- 
mals have been discussed previously,'® but it should be emphasized that this 
difference does not interfere with the clinical usefulness of the test. In cases 
of “pure” pancreatic deficiency, the fatty acid gives higher serum concentra- 
tions of radioactivity than does fat, which is the reverse of the case in normal 
subjects. Furthermore, the absorption curves in abnormal subjects are usu- 
ally so much lower than those in normal ones that interpretation is not diffi- 
eult. 
SUMMARY 


1. A test of pancreatic function is described based on comparative ab- 
sorption of fat and fatty acid. 


2. Patients with “pure” pancreatic deficiency (surgical removal of the 
pancreas, obstruction of the pancreatic duct, or fibrous replacement of the 
pancreas) show marked impairment of fat absorption but normal fatty acid 
absorption. 


3. Patients with malabsorption due to causes other than pancreatic de- 
ficiency demonstrate marked impairment of both fat and fatty acid absorption. 


4. Patients with fibrocystic disease of the pancreas show a pattern un- 
like “pure” pancreatic deficiency but similar to the group with malabsorption 
of nonpancreatic origin. 

5. A simplified version of the test based on the percentage of the admin- 
istered dose present in the blood stream at 4 hours after ingestion is advaneed 
for clinical use in differential diagnosis of malabsorption states. 


We are indebted to Drs, M. J. Lepore and P. A. di Sant’Agnese for referring patients 
and to Mr. Raimond Hernits, Mrs. Shirley Barber, Mrs. Bernice Osborne, Mrs. Lois Smith, 
and Miss Ligia O’Brien for technical assistance. 
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A STUDY OF SOME PATHOPHYSIOLOGIC DISTURBANCES 
RESULTING FROM DIFFUSE PANCREATIC 
DUCT OBSTRUCTION 


W. G. ANLYAN, M.D., J. K. Istey, Jr., M.D., B. F. Ferrer, M.D., G. J. BAYin, 
M.D., R. W. Postternwartr, M.D., ann H. M. Taytor, Px.D., 
DuruHam, N. C. 


(From Duke University School of Medicine and the Veterans Administration Hospital) 


HE patient with chronic pancreatitis may be a severe nutritional problem 

as well as a challenge in the control of intractable pain. In the human 
many uncontrollable factors other than pancreatic duct obstruction may con- 
tribute to the nutritional disturbance, such as, cirrhosis of the liver, alco- 
holism, and nareotie addiction. The exact etiology of the disease and the 
value of various therapeutie agents are frequently difficult to determine. 

This study was carried out to evaluate the pathophysiologic alterations 
following diffuse pancreatic duct obstruction only, including the effect of 
substitution therapy on protein, fat, and fatty acid absorption. The experi- 
mental preparation of diffuse pancreatic duct obstruction as described below 
is believed to be a new method of near total exclusion of the external seere- 
tions of the pancreas from the gastrointestinal tract without interfering with 
carbohydrate metabolism as is seen in the depancreatized preparation. 


METHODS AND MATERIALS 


In an initial study graded amounts of vinyl plastic* (0.5 to 10 ¢.c.) were introduced 
into the main pancreatic duct of 45 dogs. Two cubic centimeters were found to be the 
optimum amount to block diffusely the duct system of the entire pancreas; greater 
amounts ruptured the duct system. Detailed histologic studies of the pancreas were 
carried out in this group. t 

A second group of 10 dogs was used for evaluation of the nutritional disturbances 
in protein, fat, and fatty acid absorption for as long as 9 months after operation. In 6 
of the 10 dogs diffuse pancreatic duct obstruction was produced by the introduction of 
2 «.c. of vinyl plastic into the main pancreatic duct. The other 4 dogs were used as con- 
trols and the main pancreatic ducts were ligated; 2 of these dogs had 2 ¢.c. of acetone, 
the solvent of the vinyl plastic, introduced into the duct system concomitantly. 

The following studies were carried out preoperatively and at intervals up to 9 months 
postoperatively. 

1. Human serum albumin, triolein, and oleic acid were labeled with I131 and ad- 
ministered orally to the animals. Blood was obtained and the level of radioactivity deter- 
mined every half hour for 3 hours in the protein studies and every hour for 5 or 6 hours 


957 Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 
i957. 

*Obtained from Bakelite Company, Texas City, Tex. 

yUnpublished data. 
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in the fat and fatty acid studies, The serum albumin (0.1 ¢.c. containing 15 ye.) was 
incorporated in a protein meal containing 0.5 Gm. of Knox dietary gelatin per kilogram 
of body weight, as described by Baylin and associates.2 

The triolein (0.1 ¢.c. containing 15 we.) was administered in an emulsion of 0.5 e¢.c. 
of peanut oil and 0.5 ¢.c. of water per kilogram of body weight with 2 ¢.c. of Tween 80) 
used as an emulsifying agent.? In a second lipid absorption experiment 0.1 ¢.c. of triolein 
labeled with 15 ye. of 1131 was placed in a gelatin capsule containing 0.5 ¢.c. of peanut oil 
and administered in a set dose rather than on the basis of weight. 

Oleic acid (0.1 ¢.c. containing 15 we.) was given in a gelatin capsule containing 0.5 
c.c, of standard U.S.P. oleie acid.11 

2. The same absorption studies were carried out with concomitant feeding of a 
preparation of whole dried and defatted pancreas (Viokase*). 

3. Fasting blood sugar and serum bilirubin, amylase, calcium, phosphorus, and _ po- 
tassium determinations were done preoperatively, daily for the first week postoperatively, 
and at frequent intervals thereafter. Glucose tolerance tests were carried out on 4 of 
the dogs with diffuse ductal obstruction just before sacrificing. 

The dogs were maintained on a standard diet of D and G dog foodt throughout the 
period of study. Weight curves were followed at regular intervals. On sacrificing, the 
abdominal and thoracie organs were studied. 


RESULTS 


Protein Absorption.—Diffuse vinylite obstruction of the pancreatic duet 
system caused a statistically significant impairment of protein absorption in 
6 dogs as determined by the absorption of I’** labeled human serum albumin. 
This was partially corrected by the simultaneous administration of Viokase 
as noted in Fig. 1. The 4 control dogs which had the main panereatie duct 
ligated had normal protein absorption as shown in Fig. 2. 


4 
'4- 
w / 
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5 5 84 / 
S$ 
4+ ? —  NormoiDog | 4+ —— Normal 
ra) Vinylite | —-— Duct Ligoted 
S Vinylite with | 8 27 
5 2 25 3 S 2& 3 
HRS. AFTER TEST MEAL HRS. AFTER TEST MEAL 
Vig. 1.—R. I. S. A. uptake in Fig. 2.—R. I. S. A. uptake in duct- 
vinylite dogs. ligated dogs. 


Fat Absorption—The low absorption curves obtained after the admin- 
istration of triolein emulsion following diffuse duct obstruction are shown in 
Fig. 3. This deerease was statistically significant and was partially correeted 
by the administration of Viokase. Only a very slight decrease in the absorp- 
tion of triolein oeeurred after main duct ligation; this was not a significant 
change. In this particular experiment, as noted in Fig. 4, Viokase caused an 


*Generously supplied by VioBin Corporation, Monticello, Ill. 
7Obtained from Dietrich and Gambrill, Inc., Frederick, Md. 
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inerease in absorption above the control level. A progressive diminution in 
triolein uptake occurred with time as noted in Figs. 5 and 6 where repeated 
studies carried out in the same animals were graphed. 

When triolein was administered in a eapsule as a standard dose to all 
dogs rather than as an emulsion on the basis of weight, a marked and statis- 
tically significant difference was found in absorption between the diffuse duct 
obstructed group and the main duet ligated control group, as shown in Fig. 7. 
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Fig. 3.—Triolein emulsion in vinylite group. 

Fig. 4.—Triolein emulsion in duct-ligated group. 

Fig. 5.—Triolein emulsion uptake in Dog No. 3P (operative date, April 5, 1956). 
Fig. 6.—Triolein emulsion uptake in Dog No. 8P (operative date, April 19, 1956). 
Fig. 7.—Triolein capsule. 

Fig. 8.—Triolein emulsion uptake. 


A comparison among depanereatized, main duct ligated, and diffuse duet ob- 
structed groups of dogs is shown in Fig. 8. A difference was seen between 
the depanereatized and the diffuse duct obstructed dogs, but this was not 
of sufficient degree to be of statistical significance, 
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Fatty Acid Absorption—The effect of diffuse duct obstruction on the 
absorption of labeled oleic acid given as a capsule test meal is noted in Fig. 9. 
In comparison with triolein, oleic acid absorption was diminished less by the 
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exclusion of the pancreatic juice. 


Fig. 13.—Serum amylase levels. 


Fig. 14.—Weight changes in duct 
ligated and vinylite groups. 


This slight deficiency in fatty acid ab- 


sorption was not statistically significant and was partially restored by the 


simultaneous administration of Viokase. 


No deficiency in fatty acid absorp- 


tion occurred in the main duct ligated control group or in the depancreatized 
group as compared with the diffuse duct obstructed group, as shown in Fig. 10. 
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Glucose Metabolism.—The numerous fasting blood sugar determinations 
throughout the period of study were plotted in Fig. 11 and failed to reveal 
any evidence of hyperglycemia in the diffuse duct obstructed or the main duct 
ligated groups. Substantiating evidence was obtained by glucose tolerance 
tests performed by the method of deBodo and Sinkoff® in 4 vinylite dogs 
(Fig. 12) ; these tests were thought to be within normal limits. 


Serum Amylase Studies—As depicted in Fig. 13, all animals had an initial 
rise in serum amylase after diffuse duct obstruction or main duet ligation. 
Some animals had slight elevations in the subsequent course of the studies. 
Eventually, the serum amylase dropped to low levels of normal. 


Fig. 15.—Atrophic pancreas in vinylite obstructed dog. 


Other Studies —Serum calcium, phosphorus, and potassium determina- 
tions were obtained daily for the first week postoperatively and at frequent 
intervals thereafter. No significant changes were noted in these ions at any 
time. Bilirubin levels were checked as frequently and were not elevated in 
any instanee. Apparently no interference occurred in the flow of bile into 
the duodenum. 

Weight determinations showed an average weight loss of 26.5 per cent 
of control weight in the diffuse duct obstructed group as compared to 1.65 
per cent in the duct ligated control group (Fig. 14). X-ray examinations 
were made of the pancreas and adjacent tissues at the time of autopsy. There 
was no evidence of calcification in these tissues following diffuse duct obstruc- 
tion or main duet ligation. 
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Autopsy Findings—Complete studies were performed on the thoraco 
abdominal organs of all animals. The mass of negative data will not be pre 
sented. The pertinent findings were as follows. 


In the group with diffuse duct obstruction by vinylite, much of the pan- 
creas consisted of fibrous tissue. The ducts were dilated, and occasionally a 
foreign body reaction consisting of large mononuclear cells and some giant 
cells was seen about these ducts. In the fibrous tissue were nests of islets 
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Fig. 16.—Histolologic section from vinylite obstructed pancreas showing replacement of acini 
by fibrous tissue. 


Fig. 17.—Multiple duodenal ulcers in vinylite obstructed dog. 


of Langerhans (Figs. 15 and 16). The tail of the pancreas in 2 of 51 dogs 
with diffuse duct obstruction was essentially normal and plastic material was 
absent from the ducts. 

The liver was not remarkable except for a small amount of finely divided 
sudanophilie material. The remainder of the organs were not remarkable. 
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In the group with the main duet ligated, one dog out of 4 showed com- 
plete destruction of the acinar tissue of only the head of the pancreas with re- 
placement by sear tissue; the tail of the pancreas was essentially normal. 
The other 3 dogs with main duct ligations showed no microseopie abnormal- 
ities of the entire pancreas or of the other organs examined. No detrimental 
effect of the intraductal acetone was noted. 

Three of the dogs with diffuse pancreatic duct obstruction were found to 
have multiple shallow duodenal uleers in various stages of healing (Fig. 17). 


COMMENT 


At the present time most of our knowledge concerning the nutritional 
deficiencies resulting from the exelusion of the external secretions of the 
pancreas from the intestinal tract has been derived from: (1) patients with 
chronie pancreatitis in whom multiple other factors such as liver disease may 
be present, (2) depancreatized humans and experimental animals in whom 
the resultant diabetic state confuses the effects of pancreatic insufficiency, 
and (3) main pancreatic duct ligated dogs in which a state of pancreatie in- 
sufficiency has been presumed. In this study exclusion of the external seere- 
tions of the pancreas from the intestine was at least partially if not completely 
obtained. These animals were compared with main duct ligated and depan- 
creatized preparations. 

Byers and Friedman* found that pancreatectomy or exclusion of pan- 
ereatie flow from the intestine of the rat had little effect upon cholesterol 
and lipid absorption; our studies in dogs reveal the exact opposite with re- 
gard to lipid absorption. A progressive decrease in triolein uptake was noted 
with an inereased period of time after operation. This may have been due to 
the leakage of the pancreatie secretions around the vinylite cast early in the 
postoperative period. As the acinar tissue was replaced by fibrous tissue, 
the deerease in triolein uptake became more obvious. In the long-term 
follow-up of diffuse ductal obstruction, the triolein uptake was slightly but 
not significantly: higher than in the depancreatized dogs. The reason for this 
difference was not clear, since the acinar tissue was replaced by fibrous tissue 
in the sections examined. One must, however, consider the possibility that 
a minute amount of juice was being secreted and emptied into the duodenum. 

Annegers,' studying feeal lipid exeretion of depancreatized dogs, re- 
ported findings suggesting that panereatiec juice is necessary for normal 
triglyceride hydrolysis but that fatty acids were a more readily absorbed form 
of lipid. He also noted that depancreatized dogs were unable to assimilate 
dietary oleic acid as completely as normal dogs. Our studies of the absorp- 
tion of fat and fatty acids in dogs with diffuse ductal obstruction reveal es- 
sentially similar findings; the defective absorption is largely corrected by the 
simultaneous administration of Viokase. Our results would also suggest that 
one of the principal effects of pancreatic juice is in the hydrolysis of fats; the 
absorption of fatty acids is dependent to a much lesser degree on the presence 
of panereatie juice in the intestine. 
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Waugh and his co-workers’ noted that concentrated pancreatin in doses 
of approximately 15 Gm. per day reduced the loss of fat and nitrogen in 2 
depancreatized patients by 40 to 50 per cent. Longmire, Jordan, and Briggs” 
have found Viokase to be the most effective preparation of pancreatin for 
use in depanereatized patients. Chinn, Lavik, Stitt, and Buckaloo® reported 
that the administration of pancreatic extract decreased the fecal excretion 
of I'** in 3 of 5 patients with pancreatic insufficiency after the administra- 
tion of I’*' labeled casein. On the other hand, Whitfield and his co-workers" 
in a case report of a patient surviving total panereatectomy state that protein 
absorption was not enhanced by pancreatin. Our studies in dogs with diffuse 
pancreatic duct obstruction showed a moderate increase in protein absorption 
by the addition of Viokase. 

Unlike the depancreatized dogs and the duct ligated dogs of Dragstedt 
and his co-workers,’ the diffusely obstructed or the main duct ligated dogs in 
this study did not develop fatty infiltration of the liver with impairment of 
liver function. 

Edmondson and his co-workers’ noted that patients with acute pan- 
creatitis may have hypocaleemia and hypokalemia. Our dogs, however, did 
not show any changes in these ions during the immediate or late stages fol- 
lowing diffuse ductal obstruction. Wheat'® also found no changes in calcium 
and potassium levels of the serum of dogs with obstruction of the main pan- 
ereatie duct. 

The finding of multiple shallow duodenal ulcers in various stages of heal- 
ing in 3 of the dogs with diffuse pancreatic ductal obstruction was of great 
interest. Presumably the absence of the alkaline pancreatic juice from the 
duodenum with failure to neutralize the acid from the stomaeh contributed 
to the formation of these ulcers. In 1931, Elman and Hartman’? reported 
spontaneous ulcerations of the duodenum after the continued loss of total pan- 
creatic juice. More recently Poth*® has been able to increase the formation of 
experimental peptic uleers due to histamine in beeswax injections by pan- 
createctomy and also by pancreatic duct ligation. 

Examination of the ducts in the tails of the pancreas removed at autopsy 
showed evidence of moderate ductal dilatation in the diffusely obstructed 
group but not in the duct ligated group. With the recent interest in caudal 
pancreaticojejunostomy for chronic pancreatitis as advocated by DuVal,° 
Sensenig and Bowers," projects have been initiated to study the effect of 
caudal pancreaticojejunostomy on the pathophysiologic derangements result- 
ing from the diffuse ductal obstruction as reported in this paper. The long- 
term use of Viokase in sustaining dogs with this type of pancreatic insuf- 
ficiency is also to be evaluated. 


SUMMARY AND CONCLUSIONS 


1. A method for the production of diffuse panereatie duct obstruction 
using vinyl plastic has been developed. This method of excluding the external 
secretions of the pancreas from the gut has the advantage of (a) not inter- 
fering with carbohydrate metabolism as in the depanecreatized animal, (b) 
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apparently producing complete duct blockage rather than partial obstruction 
as in ligation of the main duct only, and (ec) not obstructing the flow of bile 
into the duodenum. 

2. Dogs with diffuse pancreatic ductal obstruction reveal statistically 
significant decreases in the absorption of protein and fat; fatty acid absorp- 
tion is diminished to a lesser but not significant degree. These deficiencies in 
absorption are largely corrected by the simultaneous administration of 
Viokase. 

3. Control dogs with main duct ligations only show no alteration in pro- 
tein and fatty acid absorption and only a slight but not statistically signifi- 
eant decrease in fat uptake which is corrected by the administration of 
Viokase. 

4. Depancreatized dogs maintained on insulin have a slightly lower fat 
uptake than the dogs with diffuse ductal obstruction, but this difference is 
not statistically significant. The fatty acid absorption of depancreatized dogs 
is within normal limits. 

5. It is postulated that pancreatic juice is responsible largely for the 
hydrolysis of fats; fatty acid absorption is affected only to a minor degree by 
the absence of pancreatic juice. 


We wish to express our appreciation for the enthusiastic technical assistance of 
Mrs. Joan Collins, Mrs. Bobbie Fisher, and Mr. Zack Waters. 
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DISCUSSION 


(Papers by Reemtsma, Malm, and Barker; Anlyan, Isley, Fetter, Baylin, Postlethwait, 
and Taylor) 


DR. EDWIN H. ELLISON, Chairman (Columbus, Ohio).—Dr. Anlyan answered the 
only question which came to mind, namely, did the animals with total ligation of the 
pancreatic ducts develop ulcers? Apparently they did, This raises many interesting 
problems. 


DR. GEORGE H. A. CLOWES, JR. (Cleveland, Ohio).—There are other aspects of 
this problem that would bear study by these techniques. Some years ago while working 
in Dr, Best’s laboratory in Toronto, we developed a technique of ligating the pancreatic 
duets in rats. The rat is a very nice animal to work with because he continuously grows. 
When the successful duct ligation was produced, the rats changed their rate of growth. 
I think this is important, particularly when we consider the problems of children. 


The other aspect of this thing is that normal protein digestion does not go on as 
it ought to do. Long ago Dr. Best and his associates showed that fatty livers occurred 
in duct-ligated dogs. The same thing was found to take place in our rats as a result of 
inadequate breakdown of protein into choline and other lipotropic substances, This may 
be closely related to what we have seen today in terms of the dogs’ weight loss. I would 
predict that if the dogs with vinyl injections are watched long enough, they will develop 
fatty livers just as the dogs and rats with ligated duets did. 


DR. BERNARD ZIMMERMANN (Minneapolis, Minn.).—It occurs to me that this 
method could be used for the reinvestigation of a subject that was worked on by Dr. 
Robert Coffey, in 1940, when he was still at the Mayo Clinic. He was interested, as I 
remember, in some experiments which were originally done by the Italian physiologist 
Lombroso to the effect that complete obstruction of the pancreatic duct did not give the 
same degree of impairment of fat absorption that total pancreatectomy did. Dr. Coffey, 
recognizing that it is almost impossible to produce complete pancreatic duct obstruction 
by ligation, performed avulsion of the pancreatic ducts, thereby assuring that the external 
secretion had been removed, and was able to confirm, that the defect in fat absorption 
following pancreatectomy could not be entirely explained on the basis of elimination of 
external secretion, 

This brought up the possibility of an internal secretion from the pancreas which 
had something to do with fat absorption. 

I was reminded of this in connection with Dr. Anlyan’s very ingenious way of in- 
jecting the ducts with plastic, and I noticed that he also showed lower levels with the 
pancreatectomized preparation. I would like to hear Dr. Anlyan’s comment on that. 


DR. EDWARD L. HOWES (New York, N. Y.).—This work by Drs. Reemtsma, Malm, 
and Barker has come like a breath of fresh air to those of us who are doing gastric sur- 
gery; there is something more than empiricism in the giving of emulsifying agents to 
those people losing weight. It is interesting that they have chosen two substances that 
express the dietary habits of various people. I was particularly interested in the previous 
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paper of Dr. Shingleton, but waited to comment on it until this presentation. I have a 
feeling that before analyzing your end results in ulcer patients, in regard to the various 
operative procedures, you must analyze the patient with the peptic or duodenal ulcer as 
a gastrointestinal disease. Many ulcer patients are already thin and have extensive 
gastritis, and probably have deficits in fat absorption before operation. 


CHAIRMAN ELLISON: Certainly the ulcer patient has usually lost weight before 
operation, At least we found this to be true in our studies. 


DR. JOHN A. GIUS (Iowa City, Iowa).—I wish simply to point out some anatomic 
features which, I believe, are quite important from a clinical viewpoint. Our usual con- 
cept of the pancreatic ductal system includes a main pancreatic duct and an accessory 
pancreatic duct. Some recent studies which have been carried out by Dr, Kenneth Cross, 
Department of Pathology, State University of Iowa, concerns the presence of numerous 
accessory pancreatic ducts in the human which communicate with the common bile duct. 
These are not necessarily new observations, As a matter of fact, Dr. Opie, in 1903, 
pointed out the fact that there were accessory pancreatic ducts present, and their number 
and size increased progressively in the distal common bile duct. 

Whether or not these play a significant role in the pathogenesis of pancreatitis, 
either acute or chronic, has not been established, but I believe that unless we consider 
these structures we are overlooking an important aspect of this problem. The observa- 
tions which Dr. Cross has made have been reported in the A. M. A. Archives of Pathology 
in May, 1956, and other reports will be forthcoming shortly. 


DR. PAUL NEMIR, JR. (Philadelphia, Pa.).—Dr. Gius has touched somewhat upon 
the problem I wished to discuss. I wonder if Dr. Anlyan would tell us about the status 
of the minor duct following ligation of the major duct in his experiments. It has been 
our experience in operations upon dogs that after ligating the major duct the minor duct 
will very rapidly dilate and soon become as large or even larger than the major duct. 
Unless, the minor duct is ligated also, as well as a variable number of smaller ducts from 
the two limbs of the pancreas, we have had essentially the same type of preparation as 
without ligation of the major duct at all. 


DR. GEORGE L. NARDI (Boston, Mass.).—I would like to go along with what Dr. 
Zimmermann hinted at in that there are two phases to this absorption in pancreatic prob- 
lems. One is malabsorption as has been very nicely shown, The other is what happens 
to these fatty acids and fats after they are absorbed and how they are handled meta- 
bolieally by the liver. 

Recently we studied several patients following total pancreatectomy for carcinoma 
of the pancreas or calculus pancreatitis, by injecting radioactive phosphorus intravenously 
and studying how this was synthesized into the phospholipid fraction of the blood, This 
method eliminated the gastrointestinal absorption phase, and we found that in all these 
patients as compared to normals, there was a deficit or, if you will, a reduced ability of 
the body or the liver to synthesize phosphorus into phospholipid or a defect in phospho- 
lipid synthesis. Therefore, it is a much more extensive problem than one of absorption 
alone. 


DR. ANLYAN.—With regard to Dr. Zimmermann’s question about the difference be- 
tween pancreatectomized animals and the vinylite injected animals, the pancreatectomized 
animals are, of course, precarious to keep for any length of time. In addition, there is 
the alteration with regard to the carbohydrate metabolism. We are not quite sure what 
role this may play in the absorption of fats and fatty acid and protein. Also the dif- 
ference may be accounted for by the fact that there might have been some leakage of 
pancreatic juice around the vinylite cast. However, on the multiple sections taken, there 
was no evidence of any acinar tissue seen by careful examination, so we can only assume 
that we might have missed the areas where there might have been some acinar tissues. 

With regard to Dr. Nemir’s question, the minor pancreatic duct was slightly dilated, 
but we did not carry out any specific measurements on the duct size. 
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A STUDY OF THE GASTRIC ANTRUM AS AN INHIBITOR OF 
GASTRIC JUICE PRODUCTION 


Pau. H. Jorpan, Jr., M.D., AND BERNARD F.. SANp, M.D., Los ANGELES, CALIF. 


(From the Departments of Surgery, Wadsworth General Hospital, Veterans Administration 
Center, and The University of California Medical Center) 


HAT the production of gastric juice is in part regulated by a hormone from 

the gastric antrum was suggested by Edkins in 1905.° Subsequent studies 
verified this hypothesis and demonstrated that the gastric phase of gastric 
secretion is mediated by a hormone, gastrin, which is released by chemical’? 
and mechanieal® stimulation of the antral mucosa. 

The antrum has been studied as a regulator of gastric acidity not only 
because of its role in the production of HCl, but also beeause of the inhibitory 
effect of HCl upon the gastric phase of gastric secretion. Pavlov’! and 
Sokolov’? demonstrated inhibition of gastric secretion when acid of sufficient 
concentration was introduced into the stomach. These studies were confirmed 
by Wilhelmj** who showed that the production of HCl was progressively in- 
hibited as the acidity of the gastric contents was increased. That the in- 
hibitory effect of gastric acidity upon production of HCl is the result of its 
action upon the antral mucosa is supported by the work of Oberhelman,?® 
Evans,* and Woodward."’ 

The mechanism by which acid within the stomach inhibits gastrie seere- 
tion has not been demonstrated. Whether acid inhibition results from an 
environment unsuitable for the release of gastrin or whether it results from 
the initiation of a nervous or hormonal mechanism which actively inhibits 
the production of HCl are two possibilities that have not been thoroughly 
studied. The observation that acid in the stomach inhibited the secretory 
response to secretagogues only when the acid and secretagogues were in con- 
tact with the same mucosa’ suggests that acid inhibits the release of gastrin 
from the mueosa. A similar implication ean be drawn from studies which 
demonstrated that acid within the stomach inhibited the secretory response to 
aleohol and other secretagogues but did not inhibit the response to his- 
amine.** +7 The possibility that acid inhibition of gastric seeretion is the 
result of an inhibitory mechanism initiated by the antrum was suggested by 
the work of Harrison and his associates.’ These authors divided the antrum 
of the dog and implanted half as a diverticulum of the colon and retained the 
other half in the acid environment of the stomach. Removal of the latter 
half resulted in an inereased daily output of HCl from a Heidenhain pouch. 
It was concluded from these studies that had an active inhibitory mechanism 
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not been in operation the gastric secretory rate would have remained un- 
altered by the removal of that portion of the gastrie antrum in the acid en- 
vironment. 

By employing the principle of the divided antrum in such a way that the 
environment of both antral segments could be altered simultaneously at will, 
we attempted to elucidate the mechanism of acid inhibition of gastric seere- 
tion. Preliminary studies suggested that acid inhibition of gastrie secretion 
is the result of an inhibitor mechanism of the antrum rather than a failure of the 
antrum to release gastrin.® The purpose of this paper is to extend the pre- 
vious work and to present data which suggest that the gastric seeretory re- 
sponse to histamine ean also be inhibited by acid perfusion of the isolated, 
innervated antrum, 


Fig. 1.—The experimental preparation of the dog’s stomach consisted of a Heidenhain pouch, 
2 marsupialized antral pouches, and a gastrojejunostomy. 


METHOD AND PROCEDURE 


Ten healthy, adult, mongrel dogs were prepared in the following man- 
ner. The gastric antrum was removed from the gastrointestinal continuity ; 
care was taken to maintain an adequate blood supply to the greater and lesser 
curvatures. The antrum was then divided longitudinally forming 2 small 
antral pouches which were marsupialized. A Heidenhain pouch was con- 
strueted and was drained by a stainless steel cannula for the collection of 
gastric juice. Gastrointestinal continuity was restored by a gastrojejunos- 
tomy. A wedge of the stomach between the antrum and fundus was discarded 
in order to insure against the presence of antral mucosa in the Heidenhain 
pouch or acid-seereting cells within the antral pouches. Effort was made to 
make both antral pouches of equal size; however, the left pouch was larger 
than the right in several animals. The final preparation is represented in 
Fig. 1. All animals were allowed a recovery period of 3 weeks before secretory 
studies were performed. 


After a 12- to 16-hour fast, a dog was placed in a Pavlov frame and 
30-minute collection periods of gastrie juice from the Heidenhain pouch were 
made throughout the experiment. Following 2 control periods, HCI secretion 
from the indicator pouch was initiated by antral perfusion of aleohol or by 
the intermittent intravenous injection of histamine. 
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In the first group of experiments, a perfusion of 10 per cent aleohol at 
the rate of 200 to 300 ¢.e. per hour was begun in one of the antral pouches and 
was continued in the same pouch for the entire experiment. After a sustained 
secretory response was obtained with alcohol, perfusion of 0.1N HCl at a simi- 
lar rate was begun in the second antral pouch. The perfusions of aleohol and 
acid were continued until the HCl response from the Heidenhain pouch was 
completely or significantly inhibited. In all but 2 experiments which dem- 
onstrated inhibition of gastric secretion, physiologic saline was substituted 
for the perfusion of acid as the third phase of the study. The perfusions of 
aleohol and saline were continued in order to see if the secretory response to 
alcohol would return. The pouches used for the perfusions of acid and aleo- 
hol were alternated on sueceeding experiments. During the experimental 
periods which varied from 5 to 8 hours, the dogs received 500 e.c. of physi- 
ologie saline subeutaneously. 

A series of 6 experiments on 4 dogs were performed to test the constaney 
of acid seeretion produced by a Heidenhain pouch when the latter was stimu- 
lated by the perfusion of one antral pouch with 10 per cent aleohol for 5 to 
7 hours. 

In the second group of experiments gastric secretion was stimulated by 
the intravenous injections of 0.05 mg. of histamine every 10 minutes through- 
out the experiment. After a sustained secretory rate of HCl was obtained, 
perfusion of one antral pouch with 0.1N HCl was begun. The acid perfusion 
was continued for a maximum of 5 hours but was discontinued after a shorter 
period if the production of HCl by the Heidenhain pouch was significantly 
inhibited. A perfusion of saline was then substituted for the perfusion of 
hydrochlorie acid to determine if the secretory response to histamine would 
return. The dogs received 500 c.c. of physiologic saline subcutaneously during 
the experimental periods which varied from 7 to 9 hours. 

A series of 3 experiments was performed on 3 dogs to test the constaney 
of acid seeretion produeed by a Heidenhain pouch when the latter was stimu- 
lated by the intravenous injection of 0.05 mg. of histamine every 10 minutes 
for 5 hours. 

The volume and pH of each sample of juice was measured and the econ- 
centration of free acid determined by titration with 0.1N sodium hydroxide, 
using Toepfer’s reagent as indicator. The output of free acid for each period 
was caleulated in milliequivalents (meq.) and expressed as the meq. of acid 
secreted per hour. 

RESULTS 


The Effect of Acid Perfusion of One Antral Pouch Upon the Gastric Secre- 
tion Stimulated by the Perfusion of a Second Antral Pouch With Alcohol.— 
Thirty-seven experiments were performed upon 8 dogs. Aleohol failed to 
initiate a gastrie secretory response in 7 experiments (5 of these occurred in 
1 dog). These studies were not considered in this analysis. In 23 of the re- 
maining 30 experiments, the secretory response to the perfusion of alcohol in 
one antral pouch was inhibited within 1 to 5 hours by perfusion of 0.1N HCl 
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in the second antral pouch. Physiologic saline was substituted for perfusion 
of HCl in 21 of the 23 experiments exhibiting gastrie secretory inhibition. A 
return of free acid or an inerease in the acid secretory rate occurred in 16 
of these studies. The 5 experiments that failed to demonstrate a significant 
return of gastric secretion were performed upon one dog. 

Seven of the 30 experiments demonstrating an initial seeretory response 
to aleohol failed to display gastric seeretory inhibition when HCl perfusion 
of the second antral pouch was performed. 

An example of alcohol stimulation and acid inhibition of gastric secretion 
is seen in Fig. 2. It is evident in this experiment that the seeretory response 
to aleohol was greater prior to the perfusion of HCl] than it was following the 
discontinuanee of the latter. This finding was not always observed, but it was 
an unusual oecurrence for the secretory response to aleohol during Phase IIT 
to equal that observed during Phase I. It is possible that the seeretory rate 
during Phase III might have been greater had the experiments been of longer 
duration, 


CONTROL 10% ALGOHOL - LEFT 


2.0F 


O.1 N. HCI- RIGHT 


0.9% SALINE -RIGHT 


HCI OUTPUT in meq 


30 MINUTE COLLECTION PERIODS 


Fig. 2.—The HCl secretion stimulated by the perfusion of one antral pouch with alcohol was 
inhibited by perfusion of a second antral pouch with acid. 


The experiments designed to establish the constaney of HCl production 
from the indicator pouch when the latter was under continuous stimulation 
for 5 to 7 hours by perfusion of one antral pouch with alcohol indicated that 
there was insignificant variation in the hourly rate of HCl] production. This 
suggests that the duration of the experiments was not responsible for the 
gastrie secretory inhibition which was observed following acid perfusion of 
the antrum. 

In order to subject the results of these experiments to statistical analysis, 
the total HC] output during the last hour of each phase of the experiment was 
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considered the maximum secretory or inhibitory response obtained. Thus ex- 
pressed, the data for the 21 experiments consisting of all 3 phases of the study 
are seen in Table I. The average HCl output for each phase was 1.84, 0.14, 
and 0.53 meq., respectively. The analysis of variance of the data in Table I 
indicates that there was a significant difference in HCl production during the 
3 phases of the experiment (P < 0.01). The data for Phases I and II of all 
experiments, including those that did not demonstrate inhibition and were, 
therefore, not subjected to Phase III, were analyzed in a similar manner. The 
average HCl production for Phases I and II was 1.71 and 0.43 meq., re- 
spectively. An analysis of variance of these data indicates that a significant 
difference (P < 0.01) persisted between Phases I and IT even though the ex- 
periments that failed to demonstrate inhibition were ineluded. 


TABLE I. Acrip INHIBITION OF HCl SECRETION PRODUCED IN RESPONSE TO ALCOHOL 
(Meq. of HCl Secreted During Last Hour of Phases I, IT, and ITT) 


I Il III 
EXPERIMENT ALCOHOL ALCOHOL-ACID ALCOHOL-SALINE 

Dog I 1 0.31 0.15 0.63 
2 0.79 0.20 0.51 
Dog IT 1 3.47 0.27 1.69 
2 0.19 0.04 0.18 
3. 1.37 0,08 0.20 
Dog III 1 0.84 0.10 0.74 
2 1.69 0.02 0.87 
3 2.24 0.16 0.87 
4 0.25 0.02 0.39 

Dog IV 1 3.37 0.47 0 
2 0.14 0 0.52 

3 2.79 0.05 0 
4 0.29 0.03 0.21 

5 0.75 0.05 0 
6 2.95 0.05 0.02 
Dog V 1 a.a5 0.58 1.83 
Dog VI ] 1.54 0.14 0.88 
3 1.65 0.24 0.02 
3 2.17 0.32 1.42 

Dog VII 1 1.52 0.01 0 
Dog VIIT 1 6.71 0.01 0.17 

Mean + 
Standard deviation 1.84 + 1.67 0.14 + 0.16 0.53 + 0.50 


The Effect of Acid Perfusion of the Antrum Upon the Gastric Secretory 
Response to Histamine.—Stimulation of gastric secretion by the intravenous 
administration of histamine was performed in 12 experiments upon 5 dogs. 
Antral perfusion of 0.1N HCl inhibited partially or completely the gastric 
secretory response in 8 of these experiments. The degree of inhibition was less 
pronounced and required a longer period of acid perfusion to achieve in the 
histamine experiments than in the alcohol studies. In 2 of the 4 experiments 
demonstrating no evidence of gastric secretory inhibition during Phase II, 


Volume 42 GASTRIC ANTRUM AS GASTRIC JUICE PRODUCTION INHIBITOR — 45 
the production of HCl by the indicator pouch was 9 times greater during 
Phase III than during Phase I. In these two experiments, it is possible that 
gastric secretion was actually depressed during the histamine-acid phase 
(Phase IL), but was not apparent because the maximum secretory response 
to histamine had not been obtained prior to beginning the perfusion of acid. 
An example of histamine stimulation of gastric seeretion and the subsequent 
inhibition by the perfusion of an antral pouch with acid is seen in Fig. 3. In 
none of the histamine studies was Phase III omitted. 
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30 MINUTE COLLECTION PERIODS 


Wig. 3.—The HCl secretion stimulated by the intravenous administration of histamine was 
inhibited by the perfusion of one antral pouch with acid. 


The experiments designed to establish the constaney of HCl production 
from the indicator pouch when the latter was under continuous stimulation for 
5 hours by intravenous injections of histamine showed an insignificant varia- 
tion in the hourly rate of HCl secretion. These results suggested that the 
duration of the experiments did not account for the acid inhibition of the 
gastric secretory response to histamine. 


TABLE II. Acip INHIBITION OF HCl] SECRETION PRODUCED IN RESPONSE TO HISTAMINE 
(Meq. of HC] Secreted During Last Hour of Phases I, IT, and IIT) 


I Ill 
EXPERIMENT HISTAMINE HISTAMINE-ACID HISTAMINE-SALINE 

Dog II 1 7.08 0.69 1.20 
2 2.33 1.61 2.07 

3 0.33 0.06 0.14 

4 2.52 0.76 1.23 

Dog IIT 1 0.26 0.17 0.59 
2 0.18 0.23 1.44 

2 0.27 0.17 0.24 

4 0.85 0.33 0.19 

Dog IV ] 0.23 0.29 2.02 
2 0.72 0.19 0.46 

Dog IX z 0.33 0.31 0.30 
Dog X 1 0.56 0.11 0.64 

Mean + 


Standard deviation io 2 3:72 0.41 + 0.39 0.88 + 0.48 
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In order to subject the results of these experiments to statistical analysis, 
the total HCl output during the last hour of each phase of the experiment was 
considered the maimum secretory response obtained. Thus expressed, the 
data for the 12 experiments are seen in Table II. The average HC] output for 
each phase of the experiment was 1.31, 0.41, and 0. 88 meq., respectively. An 
analysis of variance of the data in Table II indicates that there was no statis- 
tical difference between Phases I, II, and III, or between Phases I and II; 
however, there was a significant difference between Phases II and III 
(P < 0.01). 


DISCUSSION 


The presence of sufficiently strong acid within the gastric antrum will 
inhibit the gastric phase of gastric secretion.’’ It is not known, however, 
whether acid inhibition of gastric secretion is the result of an environment 
unfavorable for the release of gastrin or whether it is the result of an in- 
hibitory mechanism, either nervous or hormonal, that is antagonistic to the 
action of gastrin. 

The importance of an autoregulating mechanism within the stomach for 
the control of HCl secretion is apparent. The means by which this mechanism 
inhibits the production of HCl has practical implications. The high incidence 
of stomal ulceration obtained with ‘the exclusion 
procedure for duodenal ulcer is attributed to the alkaline environment of the 
antrum and an increased production of gastrin. As a result of these unfavor- 
able experiences, prejudice against the gastric antrum dictates that a gastree- 
tomy without antrectomy is an unsatisfactory operative procedure for peptic 
uleer. If it ean be demonstrated that the poor results obtained with the antral 
exclusion operation are not dependent upon increased gastrin production but 
instead the failure to initiate an inhibitory mechanism which actively inhibits 
HCl production, there would be added justification for retention of the antrum 
in the segmental gastric resection advocated by Wangensteen.** That the 
antrum may in fact take an active part in the inhibition of gastric secretion 
was suggested by the studies of State.** He demonstrated that dogs with 
50 per cent resection of the acid-secreting portion of the stomach were more 
resistant to the production of histamine-induced ulcers when the antrum was 
preserved in continuity with the stomach than when it was resected. 


The results of our studies on dogs prepared with double antral pouches 
indicate that the secretory response to the perfusion of alcohol in one antral 
pouch can be inhibited by exposure of the second antral pouch to a perfusion 
of HCl. If the inhibitory effect of acid upon the antral mucosa is one which 
prevents the release of gastrin, it would not be expected that perfusion of acid 
in one antral pouch would affect the gastrie secretory response which results 
from the release of gastrin by the perfusion of alcohol in the second antral 
pouch. 

That the acid inhibition of gastric secretion does not result from failure 
to release gastrin is also suggested by the demonstration that antral perfusion 
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with 0.1N HCl inhibited the gastric secretory response to intermittent intra- 
venous injections of histamine. Although statistical analysis of the histamine 
experiments revealed no significant difference between Phases I and II, in- 
hibition was evident in individual experiments and a significant difference was 
noted between Phases II and IIT. In our opinion these statistical data were 
explicable by the fact that the maximum seeretory response to histamine was 
not obtained in 3 experiments before the perfusion of acid was initiated. 

Wilhelmj,’® who was unable to demonstrate acid inhibition of the gastric 
secretory response to histamine, suggested that the latter was too powerful a 
secretory stimulus to be controlled by this means. Code,? who demonstrated 
that acid perfusion of the duodenum would inhibit gastric secretion produced 
in response to continuous intravenous injection of histamine, showed that the 
‘ate of secretion modified the degree of inhibition obtained. Inhibition was 
most pronounced at low or medium rates of secretion. When rates of seere- 
tion were rapid, the infusion of acid in the duodenum was ineffective. It is 
possible that where others have failed, we were able to demonstrate inhibition 
of the gastric secretory response to histamine by the perfusion of the antrum 
with acid because of the dose and method of histamine administration em- 
ployed. 

Perfusion of the antrum with acid for 1 to 3 hours was required to inhibit 
gastric secretion produced in response to alcohol or to histamine injections. 
Although no satisfactory explanation for this wide variation was evident, it 
was our opinion that the time required to initiate inhibition varied inversely 
with the size of the pouch that was perfused with acid. 

Since acid perfusion of one antral pouch inhibited gastrie secretion pro- 
duced in response to aleohol perfusion of a second antral pouch and to the 
administration of histamine, one concludes that an inhibitory mechanism other 
than the prevention of gastrin release was operating. From the present stud- 
ies it cannot be determined what mechanism was responsible for the acid in- 
hibition that occurred in our experiments, nor ean it be predicted whether the 
inhibitory mechanism operates under physiologic conditions. 

Our studies as well as those of Woodward" indicate that the vagi are not 
essential for gastric secretory inhibition induced by acid perfusion of the 
antrum. That the sympathetic nerves were involved in the inhibitory effect 
observed by us is suggested by the work of Grossman’ who demonstrated that 
gastric secretion from a denervated gastric pouch in response to histamine 
Stimulation is inhibited by nausea or reteching. Since retching was present 
in some of our experiments, this mechanism cannot be excluded as a possible 
cause for the gastric secretory inhibition demonstrated in our experiments. 

Our studies as well as those of Harrison’ suggest that acid inhibition of 
HCl seeretion results from the release of an inhibitory hormone by the antrum. 
It has been recognized since the work of Ivy’ that in order to prove any mech- 
anism of gastric secretion is humorally transmitted it is necessary to demon- 
strate the mechanism by the use of subcutaneously autotransplanted pouches. 
Therefore, the repetition of experiments similar to those that we have re- 
ported, utilizing instead transplanted, denervated, antral pouches, will provide 
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a crucial experiment necessary to elucidate the mechanism by which acid 
within the antrum inhibits the gastric phase of gastric secretion. Inhibition 
of HCl seeretion following acid perfusion of denervated antral pouches wil! 
provide strong evidence for the existence of a gastric secretory inhibitor 
hormone produced by the antrum. Failure to obtain gastrie inhibition will 
provide equally strong evidence that acid within the stomach inhibits further 
production of HCL by providing an environment unfavorable for the release 
of gastrin, 


SUMMARY 


A method has been described for preparing dogs with a Heidenhain pouch 
and 2 separate, marsupialized, antral pouches. 

Studies performed on 10 dogs prepared in this way demonstrated that 
reduction of the pH within one antral pouch inhibited production of HCI by 
the Heidenhain pouch when the latter was under stimuiation either by per- 
fusion of aleohol in the second antral pouch or by intravenous administration 
of histamine. 

The inhibition of HCl] production induced under these conditions suggests 
the liberation of a gastrie inhibitory hormone produced by the antrum. Verifi- 
cation of this mechanism for the regulation of the gastric phase of gastric 
secretion requires additional studies employing denervated, transplanted, 
antral pouches. 
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DiscussION 

DR. EDWARD ROY WOODWARD (Los Angeles, California).—This is a very nice 
experiment presented by Dr. Jordan and if substantiated will be the first demonstration 
by direct method of a new gastrointestinal hormone. There are two reservations that I 
have about the existence of this hormonal mechanism. 

The first is the fact that the experiment reported by Harrison and his colleagues 
some 2 years ago is proving rather difficult to repeat in the hands of other investigators. 
The second reservation I hold has to do with the unusually long latent period observed in 
Dr. Jordon’s experiments. (Slide.) This is the single antrum pouch technique that we 
have used in studying the gastric secretory mechanism. (Slide.) In this experiment the 
isolated antrum is stimulated by mechanical means, by inflating a Foley bag catheter 
within the antrum and, as you note, within 30 minutes there is a sharp secretory response. 
Then when the antral pouch is perfused with acid, within 30 minutes there is again pro- 
found inhibition of the gastrin release. This very brief latent period of this inhibitory 
mechanism has been constant throughout those experiments of ours and others, and this 
long latent period that Dr. Jordan observed might mean that he is observing a different 
inhibitory mechanism than seen in our experiments, 

It is possible that this could be some nonspecific inhibitory mechanism such as the 
noxious effects of the acid itself in stimulating a release of epinephrine or some pituitary 
hormone. On the other hand, it may well be that the longer latent period is explained 


by the fact that these pouches are denervated, as far as the parasympathetic system is 
concerned, and also have a somewhat less adequate blood supply perhaps than our single 
pouch. 
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THE EFFECT OF CHANGES IN BLOOD pH ON THE PLASMA TOTAL 
AMMONIA LEVEL 


WaLTeR LAWRENCE, JR., M.D., JoHn A. Jacquez, M.D., STANLEY G. 
Dienst, M.D., J. M.D., HeENry T. M.D., 
AND KATHLEEN E. Rosperts, M.D., New Yorx, N. Y. 
(From the Andre and Bella Meyer Physiology Laboratories, Sloan-Kettering Institute, 
and the Departments of Surgery and Medicine, Memorial Center and Cornell University, 
College of Medicine) 


HE blood ammonia has been found elevated in many patients with live 
failure and hepatie coma. The significance of this observation has been 
questioned because of the poor, correlation between the degree of elevation and 
the severity of the clinical problem. 

Respiratory alkalosis and fever are accompanied by neurologic symptoms 
in patients who have elevations of blood ammonia, whereas blood ammonia 
elevations of the same degree in patients with metabolic acidosis are frequently 
asymptomatic. If the respiratory alkalosis is treated with carbon dioxide in- 
halation, the neurologic symptoms associated with this clinical picture can be 
temporarily controlled.? 

Infusion of neutral ammonium salts in normal dogs also produces a 
respiratory alkalosis and neurologic symptoms analogous to those in patients 
with hepatie coma.® Carbon dioxide inhalation prevents or controls the re- 
spiratory alkalosis from ammonium salt infusion and significantly increases 
the tolerance of the dogs to ammonium infusion in a quantitative sense. Al- 
though it would seem from these clinical and laboratory observations that 
respiratory alkalosis is the result of plasma ammonia elevation, the effee- 
tiveness of therapy of the acid-base disturbance alone is of great interest. 
Hydrogen ion concentration would seem to play a significant role in ammonia 
toxicity. 

As emphasized by Jaequez and associates,' ammonia in solution exists in 
two forms: (1) ammonium ion (NH,*) and (2) free ammonia. The econ- 
centration of the latter can be expressed in terms of the partial pressure of am- 
monia, or PNH,. In solution this fraction varies as a function of total am- 
monia, pH, and temperature. This should apply to plasma measurements 
also. In view of this and the significance of pH in relation to symptomatology, 
it has been postulated that the clinical status of the patients with ammonia 
toxicity is more closely correlated with the concentration of free ammonia 
than the total ammonia concentration.'* 


This work was supported by a grant from the U. S. Public Health Service, N.C.1.-9261. 
Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 1957. 

*In this presentation a terminology similar to that used with the HCO; — COs system 
will be used for the components of the ammonia buffer system. “Ammonium” will be used 
only to refer to NHi+. The term ‘ammonia’ will be used as a generic term to refer to the 
NH; —- NHia+ system. (When so used “total ammonia” is more explicit.) Free ammonia 


will be expressed as PNHs. 
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The purpose of this study was to observe the changes in plasma total 
ammonia and PNH, associated with aeute induced alterations of pH. 


METILODS 


Most of the experiments were carried out on 10 to 20 Kg. dogs previously subjected 
to portacaval anastomosis (Eck fistula). These were performed under Nembutal anesthesia 
by open anastomosis, employing routine techniques of vascular suture. Despite apparent 
health, these dogs maintained a constant mild elevation of plasma total ammonia which 
was quite satisfactory for the experiments to be described. Twelve dogs were sub- 
jected to hepatic artery ligation 48 hours following construction of the portacaval shunt 
as described by Rappaport.5 The purpose of this combined vascular alteration was to 
produce a preparation analogous to clinical hepatie coma. Six of these dogs lived long 
enough to subject them to the experimental procedures to be described. The rest of the 
data were obtained from animals with simple portacaval shunts. 


Three eviscerectomized dogs were prepared by the method of Markowitz.3 The 
studies of plasma ammonia and pH were carried out after adequate recovery from ether 
anesthesia. Dogs with normal blood ammonia levels were also studied during acid and 
alkali infusions under light Nembutal anesthesia. 


The blood and plasma determinations were carried out on heparinized arterial and 
venous blood. Venous samples were obtained from the superior vena cava, femoral vein, 
renal vein, portal vein, or pulmonary artery by catheters appropriately placed prior to the 
experiments. The methods used for blood and plasma total ammonia, pH, and total CO, 
content have been described in previous reports.6 The values for PCO, were calculated 
by means of factors published elsewhere.t The PNH, values were calculated from total 
plasma ammonia, pH, and temperature, using the factors reported by Jacquez and co- 
workers... Two control blood samples were drawn prior to the experimental alterations 
of blood pH in each experiment. Rectal temperature was recorded at the time of sampling. 

For induction of acidosis and alkalosis, both metabolic and respiratory means were 
used. Metabolic acidosis was induced by 0.5 N HCl infusion at a rate of 2 to 4 cc. per 
minute. Lactic acid, Diamox, and KCl infusions were also used.* For production of 
metabolic alkalosis 4 per cent NaHCO, was infused at 3 to 6 e.c. per minute. These 
metabolic alterations in acid-base balance were studied in both anesthetized and un- 
anesthetized dogs. 


Respiratory acidosis was preduced by inhalation of 90 per cent oxygen—10 per cent 
carbon dioxide mixture through a cuffed endotracheal tube. Respiratory alkalosis was 
produced by hyperventilation with a Sewell mechanical respirator, These respiratory 
experiments required light Nembutal anesthesia. 


RESULTS 


Metabolic Acidosis and Alkalosis.—(Fig. 1.) Eek fistula dogs infused with 
0.5 N NHCI, in adequate quantity to lower blood pH a significant degree below 
control levels, showed a consistent rise in plasma total ammonia. Subsequent 
elevation of pH by 4 per cent NaHCO, infusion was accompanied by a fall 
in plasma total ammonia. Reversing the order of administration of acid 
and alkali infusions did not alter the effect of acid and alkali. Six repre- 
sentative experiments are recorded in Table I, showing the changes in total 
CO., PCO., and PNH;. The ealeulated PNH, increased with a rise in pH, 
whereas the plasma total ammonia decreased. 


*Gluconic acid was also used Determinations of infusion samples revealed 


ammonia to be present, however. 


initially. 
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In most experiments the animals showed no discernible change in general 
status with acidosis or alkalosis. In some experiments the animals developed 
muscular tremors and this was always during the period of alkali infusion. 
Three animals actually convulsed during the period of alkali infusion. The 
quantity of NaHCO, infused in these dogs was 400, 530, and 750 meq., re- 
spectively, but all 3 were severely acidotie prior to infusion of alkali. The 
pH attained in these experiments was 7.6 to 7.7, whereas we have achieved 
pH 7.9 to 8.0 in normal dogs for short periods without producing these neuro- 
logic abnormalities. There were no gross neurologic abnormalities observed 
during the period of acid infusion, despite a consistent elevation of plasma 
total ammonia in this period. 

Data on blood ammonia changes with pH alteration in a group of normal 
dogs are shown in Fig. 2. In these experiments the blood ammonia also rose 
with a decrease in pH and fell with an inerease in pH. This occurred with a 
variety of means of modifying pH, including HCl, KCI, Diamox, lactic acid, 
and sodium bicarbonate. 


0.5N HCI I25mEq. 4% NaHCO, i20mEg. NaHCO, 280mEq. 


Arterial Convulsion 
3 NaHCO, 
LACTI 
7.7 
4 1.2 
47.5 
8 1.0 KCI + 
473pH_ DIAMOX 
|AMOX 
47. 
4 6 HCO. 
2. pH 
CO, 14.9 3.7 22.2 4 “ 
PCOp 25.3 15.2 24.7 
i iL i iL i 


30 60 30 120150180 718 728 734 742 750 
TIME-MIN ph 


Fig. 1. 


Fig. 2. 


Fig. 1.—Changes in plasma ammonia with infusion of acid and alkali in the Eck fistula 
dog. 

Fig. 2.—Change in blood ammonia with acidosis and alkalosis produced by infusion in 
the normal dog. 


Respiratory Acidosis and Alhkalosis—Respiratory acidosis (10 per cent 
C(O. inhalation) was repeatedly associated with an elevation of plasma total 
ammonia similar to that observed in metabolic acidosis. However, the degree 
of change was often smaller for comparable changes in pH. Respiratory 
alkalosis produced by hyperventilation was associated with a fall in plasma 
ammonia. These changes occurred whatever the order of induction of acidosis 
and alkalosis (Figs. 3 and 4). It ean be seen in Tables II and III that the 
changes in PNH, were similar to those produced in metabolic acidosis and 
alkalosis. Sinee general anesthesia was required to hyperventilate the animals, 
no satisfactory observations of the ‘‘elinical’’ status of the animals could be 
made, but one dog developed muscular tremors during the period of respiratory 
alkalosis. 
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Mixed Acid-Base Abnormalities.—(Fig. 5.) One of the experiments was 
performed on a dog after he had undergone a prolonged abdominal operative 
procedure (including portacaval shunt) under barbiturate anesthesia. This 
combination resulted in the following values: pH, 7.08; CO., 20 meq. per 
liter; PCO., 65.1 mm. Hg.; NH,, 2.8 y per cubic centimeter. This was a 
combined abnormality of metabolic acidosis with superimposed respiratory 
insufficiency. When the metabolic acidosis was augmented by infusion of 
25 meq. HCl, plasma ammonia increased to 3.2 y per cubic centimeter, and pH 


Hyper- Hypo- Inh. |O%CO 
ventilation 


” q Arterial 
sor 30 NH 
2 76 
74 2 
pH pH 7.4 
7.2 = pH 
72 
7.0 
1.25 0.70 CSF NHs 7.0 
22.0 28.1 15.6 COp 306 17.4 21.8 279 
34.1 81.4 17.0 PCOg PCO, 464 16.6 36.1 74.2 
L | L i A. — | 
0 75 135 fo 20 40 
TIME - MIN. 


Fig. 3. Fig. 4. 

Fig. 3.—Changes in plasma ammonia with respiratory acidosis and alkalosis in the Eck 
fistula dog. 

Fig. 4.—Changes in plasma ammonia with respiratory alkalosis and acidosis in the 
Eck fistula dog. 


HCI Hyper- Na HCO, 3iOmEq. 
[ 25mEq ventilation 3 


7.4 


7.2 


pH 
7.0 


30 90 120 ~=—«150 
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Fig. 5—Changes in plasma ammonia and pH with mixed metabolic and respiratory acid-base 
alterations in the Eck fistula dog. 


dropped to 6.95. Hyperventilation with a mechanical respirator elevated the 
pH to 7.28 by decreasing PCO. to 7.6 mm. Hg and plasma ammonia fell to 
2.8 y per eubie centimeter. Infusion of 4 per cent NaHCO, further elevated 
pH to 7.45 with a corresponding drop in ammonia to 1.6 y per cubie centimeter. 
These changes in plasma ammonia with change in pH duplicated those with 
pure metabolie or respiratory acid-base disturbances. 

Arteriovenous Ammonia Difference With Change in pH.—The superior 
vena cava and femoral vein (without oeelusion) were used for venous sampling 
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to measure systemic arteriovenous ammonia difference. The increase in plasma 
total ammonia with drop in pH and subsequent fall in plasma ammonia with 
rise in pH were reproduced in the systemie venous samples (Figs. 1 and 6). The 
superior caval and femoral venous ammonia was lower than that in the arterial 
blood in Eek fistula dogs despite our finding that there was little or no A-V 
ammonia difference in dogs with normal levels of ammonia. The increase in 
plasma total ammonia with acidosis was less marked in venous blood than 


O.5N HCl I40mEq. 4%Na 210mEq. 
0.5N HCI 10OmEq. 4% NaHCO, 167mEq. 


Arterial 
pH 


Portal vein 
NH 
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° 60 90 45 
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Fig. 6. Fig. 7. 


P Fig. 6.—Changes in plasma ammonia with infusion of acid and alkali in the Eck fistula 
og. 
Fig. 7.—Changes in plasma ammonia with acid and alkali infusion in the normal dog. 
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Fig. 8.—Changes in plasma ammonia with changes in pH in the eviscerectomized dog. 


arterial blood. The visceral venous drainage (inferior vena cava, portal vein, 
and renal vein) had higher levels of total plasma ammonia than the arterial 
system. The effect of altering pH was similar in these visceral sites to the 
svstemie arterial and venous changes (Fig. 7).* 


*In contrast to previously reported studies, the mixed venous blood (pulmonary artery) 
total ammonia was roughly the same as the arterial ammonia. Of 5 experiments measuring 
aorta and pulmonary artery ammonia simultaneously, 2 had no A-V ammonia difference. 
{In 2 experiments pulmonary artery ammonia was 0.1 to 0.2 y per cubic centimeter higher than 
aortic ammonia throughout the experiment. One experiment demonstrated aortic ammonia to 
be slightly higher than in the pulmonary artery. 
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Changes in Eviscerectomized Dogs.—Eviscerectomized dogs were studied 
to determine whether regional shifts of ammonia were responsible for the 
change in peripheral plasma ammonia with pH alteration. Three dogs had 
total abdominal eviscereetomy performed with removal of all abdominal 
contents except the adrenal glands. These animals developed metabolic aeci- 
dosis. Infusion of NaHCO, temporarily raised the pH, but acidosis again 
ensued after the administration of NaHCO, was discontinued. The usual 
change in plasma ammonia with eviscerectomy is a very slow, steady rise. 
Two of these 3 animals had high levels of ammonia secondary to an intra- 
venous injection of ammonium aeetate earlier in the experiment. An acute 
elevation of pH with NaHCO, infusion produced a definite fall in blood 
ammonia. Later development of metabolic acidosis was associated with a 
definite rise in blood ammonia. Changes in systemie venous ammonia. were 
similar to previous experiments. Thus the changes described in total am- 
monia with pH changes were apparently not dependent on shifts of ammonia 
from kidney, liver, or bowel alone (Table IV and Fig. 8). 


DISCUSSION 


The data presented demonstrate that there was a small but consistent 
increase in plasma ammonia with a decrease in pH in dogs. The converse 
occurred with elévation of pH. The means employed to produce these changes 
in pH seemed to have little bearing on these changes in total ammonia. The 
PNH, ealeulated from the data presented bore a direct relationship to the pH. 

The systemic arteriovenous ammonia differences did not initially suggest 
that the peripheral tissues were the source of additional plasma ammonia 
during acidosis. Renal and portal ammonia levels were consistently higher than 
the arterial ammonia levels. Therefore, with acidosis, a shift of ammonia 
into the plasma from intracellular sites in both peripheral tissues and viscera, as 
well as red cells, might have oceurred and still not have been delineated by 
systemie arteriovenous differences. The changes in plasma ammonia with 
pH alteration were reproduced in eviscerectomized animals, however, which 
eliminates a splanchnic, hepatic, or renal mechanism as the only cause of these 
changes in total ammonia. 

The passage of ammonia across the cell membrane appears to occur as 
free ammonia, for the most part, rather than ammonium ion which penetrates 
poorly.’ In our experiments the PNH, bore a direct relationship to pH, 
despite an inverse relationship between plasma total ammonia and_ pH. 
Wallace and Hastings* have shown that acute metabolic changes in extracellular 
pH produced by HCl and NaHCO, infusions are accompanied by minimal 
alteration in caleulated intracellular pH. If intracellular pH is more closely 
regulated than extracellular pH, the PNH, gradient across the cell membrane 
would be altered during these acute changes. Intracellular PNH, would change 
very little while extracellular PNH; would increase with alkalosis and decrease 
with acidosis. Therefore, we may formulate the following hypothesis: the 
shift in ammonia across the cell membrane with alterations in extracellular 
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pH follows the PNH, gradient. The deleterious effect of alkalosis with 
ammonia elevation would suggest that the toxie effect of ammonia is mediated 
at some intracellular site. 

In a previous publication' we have presented the hypothesis that the 
symptoms of ammonia toxicity are related to the free ammonia and not the 
total ammonia. Our present data are consistent with this hypothesis. 

This study has certain clinical implications. If some intracellular action 
of ammonia is of prime importance, the therapeutic approach should be to 
encourage a shift of ammonia into the extracellular fluid. Correction of 
alkalosis and reduction of fever would accomplish this. Of course, reduction 
of total ammonia by limiting the sources and increasing detoxifying mechanisms 
is still of paramount importanee. 


SUMMARY 


1. Blood ammonia and plasma ammonia were studied in normal, Eck 
fistula, and eviscerectomized dogs during induced changes in pH. In all these 
preparations, lowering pH increased total ammonia levels and raising pH 
decreased ammonia levels in both arterial and venous systems. 

2. Partial pressure of ammonia (or free ammonia) was calculated from 
the data. The PNH, was low during periods of acidosis and high during 


alkalosis. 

3. It was observed that a state of alkalosis was more detrimental than 
acidosis in terms of the general or neurologic status of dogs with elevations 
of total ammonia. 

4. From our data we have formulated the hypothesis that the clinical 
status with ammonia toxicity is correlated with intracellular ammonia con- 
centration. This is determined by total ammonia concentration and PNH, 
gradient across cell membranes which, in turn, is a function of pH. 


For invaluable technical assistance we are indebted to Richard Barters, Sergei Denecko, 
Jeanette DeAngelis, Delores Garms, Margaret Hood, Elizabeth King, and Frankie Lawson. 
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DISCUSSION 


DR. WILLIAM V. MeDERMOTT, JR. (Boston, Mass.).—I was impressed by the 
very careful and very significant work by Dr. Lawrence and his colleagues from Dr. 
Randall’s laboratory. I do not know if I can interpret now the ultimate significance of 
the data which were presented. We have not observed consistent or significant changes 
in the acid-base balance or in the blood pH in the presence of very severe ammonia 
toxicities, but this concept of PNH, is very stimulating. 

In general, it would appear that the effects of ammonia as a toxic agent are probably 
on aerobie glycolysis, but I am sure that, with the existing confusion not only in 
methodology but in the general understanding of ammonia metabolism, this type of con- 
tribution is extremely important. We still do not entirely understand the pathogenesis or 
treatment of ammonia toxicity at the present time, although I think considerable progress 
is being made. 


DR. BEN EISEMAN (Denver, Colo.).—This has been a very important paper and one 
that I at least am going to have to digest at my leisure. The emphasis that Tom Randall 
and his group are placing on the respiratory alkalosis that is produced by ammonia intoxica- 
tion may be a very significant factor both in enhancing the toxicity of ammonia, as they 
previously have indicated, and in directly affecting the plasma ammonia concentrations. 
Perhaps the pH and consequent PNH, changes may explain the occasional discrepancy be- 
tween blood ammonia levels as normally determined and the clinical status of the patient, 
that we as well as others have noted. 

We have produced experimental ammonia intoxication and coma in more than 135 dogs 
by the carotid infusion of ammonium salt solutions of various types. Some have been acidic, 
some alkaline. We have found that coma.can be produced with both types of solutions re- 
gardless of the peripheral blood pH. Statistical analysis of our figures indicates that coma 
appeared earlier in the acidic animals than in the alkaline controls. This is the opposite of 
what one might expect from the paper just presented, but the experimental conditions were 
entirely different and control of the rate of ammonium salt infusion must be more rigidly 
controlled in our experiments in order further to investigate this aspect of ammonia induced 
coma. At the time of our experiments we did not have the benefit of the original concept of 
PNH, versus total blood ammonium that has been so well delineated today. 


DR. RANDALL.—I would like to say that we too have no complete concept by any 
manner of means of what these experiments mean. 

I do not think that the relationship of ammonium toxicity to hepatic coma is by any 
means totally explained by either concentration changes of total ammonium or of ammonia 
or by pH or any combination of these. We have, however, been very much interested in 

- the series of patients that we have studied, in the fairly consistent finding of marked symp- 
tomatology in the presence of respiratory alkalosis, and the response of these patients acutely 
to the administration of carbon dioxide and oxygen. It was this that set off the investigation 
which Dr. Lawrence has done so well, I believe, and which has given us perhaps one more 
piece of information. We will look to Dr. McDermott and Dr. Eiseman and many others 
interested in this field to help us interpret what this means and to add much more in the 

future to the information necessary on this subject. 


CHANGING TRENDS IN THE MANAGEMENT OF EXSTROPHY 
OF THE BLADDER 


ORVAR SWENSON, M.D.,* Boston, Mass. 


(From The Boston Floating Hospital for Infants and Children) 


XSTROPHY of the bladder is a massive congenital malformation involving 
the bladder, urethra, lower abdominal wall, and pelvis. Untreated it is 
compatible with life but the child is constantly wet with urine. The exposed 
sensitive bladder mucosa is the souree of pain and discomfort. Ureterosig- 
moidostomy offers a solution to the urinary incontinence, and this has been the 
preferred treatment for many years. Evaluation of patients treated in this man- 
ner 10 to 20 years after operation has revealed a substantial incidence of hydro- 
nephrosis, pyelonephritis, and renal failure. Such results have prompted con- 
sideration of alternate methods of treatment. Young,’ in 1932, reported a ease 
in which he had reconstructed the bladder and urethra in a patient with ex- 
strophy of the bladder. Recently Sweetser’ and others have deseribed their 
experience with this procedure. In the past 4 years we have reconstructed the 
bladder and urethra on 12 patients. At the outset we were convineed that while 
it was possible to reconstruct the bladder and urethra, urinary control would 
not be aecomplished, and it was our plan to use an artificial sphineter after recon- 
struction had been completed.* To our surprise some of the patients have be- 
come continent without an artificial sphineter and this has renewed our interest 
in primary reconstruction of the exstrophied bladder. 


OPERATION 


The operation is a difficult one and the surgeon’s experience in plastie, 
urologic, and general surgery is a help in attaining success. It is our im- 
pression that best results can be achieved when the patient is operated upon the 
first few weeks of life. A delay until the child is 1 or 2 vears of age is not ad- 
vantageous for it seems that the exposed bladder fails to grow and inerease in 
size. In addition mucosal pseudopolyps form making the bladder wall thicker 
and more difficult to invert. Although the operation is a long and tedious one, 
the infants tolerate the procedure provided there is adequate replacement of 
blood. In our 12 patients there have been no fatalities. A deep anesthesia is 
not required. Excision of mucosal polps may be necessary in order to make it 
possible to turn in the bladder. 

An ineision is made along the junction of the bladder mucosa and the skin, 
and the dissection is continued along the bladder until the lateral edges of the 
bladder ean be brought together along the midline (Fig. 1). Dissection of the 
posterior aspect of the bladder, especially in the ureterovesical areas, is hazardous 
Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 
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for irreparable damage may be inflicted on the bladder’s nerve and blood supply. 
The bladder neck is adequately freed so that it can be brought together, a part of 
the operation most essential in the development of continence. A normal-sized 
urethra and bladder neck are made. There has been a tendency to make these 


Fig. 1.—A, Diagram of exstrophy with a line indicating the initial incision. A’ demon- 
strates how the ureter will eventually be placed between the corpora. B, The bladder has 
been turned in using 3 rows of sutures. First a row of plain catgut to the mucosa, then a 
continuous chromic catgut to the muscular coats. This is finally reinforced with a row of 
4-0 silk sutures. 3B’, Sutures are placed in the fibrous tissue adjacent to the corpora to press 
them together in front of the formed urethra. C, The facial repair of the abdominal wall 
consists of 2 layers. The separated rectus muscles are brought together with interrupted 4-0 
silk sutures. The lower one-third or one-fourth of the defect cannot be covered in this 
manner. The anterior rectus sheath is dissected free on both sides and turned medially as 
a flap to reinforce the repair and to fill the defect of the lower part of the abdominal wall 
repair. C’ indicates how the ureter has been formed and the corpora brought together over 
it. D, A suprapubic catheter is left in place as well as a perineal urethrostomy. Provided 
the reconstructed bladder is of sufficient size, Foley catheters can be used. In most instances 
mushroom catheters have had to be used. #, The skin is sutured together with interrupted 
silk sutures and reinforced with a row of Denis Browne type of sutures. FE’ shows a cross 
section of the penile repair. F, A relaxing incision is made opposite the repair to remove 
tension from the suture line. (From Swenson, O.: Pediatric Surgery, in preparation. Cour- 
tesy of Appleton-Century-Crofts, Inc., New York.) 
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structures extremely small and while such patients may gain continence, dilata- 
tion of the upper urinary tract develops due to stricture formation and narrow- 
ing at the bladder neck and in the posterior urethra. The bladder neck and 
posterior urethra are excessive in width. In order to form a normal-sized blad- 
der neck and urethra it is necessary to excise some tissue. The mucosa of the 
bladder and bladder neck is approximated with interrupted 4-0 plain catgut 
sutures. The muscular coats are then approximated with interrupted chromic 
catgut sutures and this is reinforced with interrupted 4-0 black silk sutures. 


Fig. 2.—A, Photograph of a girl with exstrophy of the bladder and chronic prolapse 
of the rectum. Following turn-in of the bladder there was no recurrence of the prolapse. 
B, Photograph of same patient after repair. (From Swenson, O.: Pediatric Surgery, in 
preparation. Courtesy of Appleton-Century-Crofts, Inc., New York.) 


Reconstruction of the urethra in the male has been essentially by the Denis 
Browne technique for repair of hypospadias. The incision is extended from 
the bladder up on the penis leaving a strip of urethral mucosa attached to the 
shaft of the penis. Triangular areas of tissue are excised from the glans so that 
a urethra can be formed that terminates at the tip of the glans. In order to 
have some compression on the urethra the corpora are sutured in front of the 
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strip of tissue which forms the urethra. Prior to this a perineal urethrostomy 
is made and a 12 to 14 mushroom catheter is inserted in the bladder by this 
route. In females a urethral catheter is used. A suprapubie catheter is also 
left in place. The skin of the penis is freed laterally and brought together with 
interrupted chromic catgut sutures and then retention sutures with Denis Browne 
beads. The reconstruction of the abdominal wall is difficult. For a short dis- 
tanee below the umbilicus it is possible to bring the rectus muscle together with 
interrupted 4-0 or 3-0 silk sutures. This is impossible for the lower half of the 
defect due to the fact that the symphyses are widely separated. It is possible 
to turn a faseial pedicle from each side consisting of the anterior rectus sheath 
and to suture these together in the midline. This reinforces the cephalad por- 
tion of the repair and provides for closure of the lower part of the defeet. The 
skin is then approximated with interrupted subcutaneous sutures of black silk, 
interrupted silk to the skin, and retention sutures with Denis Browne beads. 


(Fig. 2.) 


: Fig. 3.—Photograph of the same patient 2 years after repair. She is continent. (From 
<p - Pediatric Surgery, in preparation. Courtesy of Appleton-Century-Crofts, Inc., 
ew York. 


The postoperative problem has been adequate drainage of the bladder so 
that fistulas will not form. This has not been difficult in the female patients, 
but has been a problem in the males. Diversion of the urine by ureteral catheters 
has been tried with indifferent success. The eatheters have been gently irrigated 
frequently to prevent obstruction. Every effort is made to keep the wound dry 
so that there will be no maturation of the skin, particularly at the junction of 
the penis and abdominal wall. Healing is sufficiently complete by the tenth or 
twelfth postoperative day to permit suture removal. 
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MANAGEMENT OF EXTROPHY OF BLADDER 
POSTOPERATIVE COMPLICATIONS 

In a group of 12 patients there have been 2 dehiscences. One was complete 
and one partial. Both of these patients were male children with small bladders 
which were difficult to form into a viseus at the time of operation. One of these 
patients has had a second operation and this has been successful in closing the 
bladder and reconstructing the penis. The second patient had a partial break- 
down of the repair so that it will have to be done over. One patient has had a 
serious renal infection postoperatively. The patient made a slow but uneventful 
recovery and is now perfectly well as far as the upper urinary tract is con- 
cerned. Fistula formation has occurred in 3 of the patients that were suceess- 
fully closed and in these continence has not been achieved. In 4+ boys who had 
large bladders to turn in and who did not develop fistulas at the bladder neck 
postoperatively have become continent. Of 4 girls operated upon, 3 are con- 
tinent. (Fig. 3.) The fourth is not able to stay dry for more than 30 to 60 
minutes and a second operation is planned. 


Fig. 4.—Intravenous urogram on a patient one year after reconstruction of the bladder. 
The upper urinary tract has remained normal. 


DISCUSSION 


At the moment it would seem that in selected cases turn-in of the bladder 
is a feasible operation for exstrophy. The two conditions which favor success 
are a large exstrophied bladder which can readily be turned into a hollow 
Viscus and a female patient. When the exstrophied bladder is small the 
chanees of successful turn-in are so slight that it should not be attempted. The 
possibility of using a segment of ileum to reconstruct the bladder is a considera- 
tion and might make it possible to have success in such patients. Diversion of 
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the urine is a problem which has not been solved. It is particularly importam 
in male patients for fistula formation at the bladder neck and posterior urethri: 
have presumably produced sufficient scarring in this essential area so that the 
child remains incontinent. 

These patients do not gain control immediately following operation. Grad- 
ually during the year following surgery the child has progressively longer 
periods of remaining dry. The reason for this delay is probably due to the fact 
that it requires time for the bladder to gain sufficient size to accommodate a quan- 
tity of urine and permit the child to stay dry for short intervals at first and 
normal periods later. 

There was considerable concern about the possibility of developing upper 
urinary tract dilatation as the result of the reconstruction. So far this has not 
occurred. (Fig. 4.) One patient has now been followed for 4 years and the 
upper urinary tract has actually shown improvement. Prior to operation there 
was some hydronephrosis which has receded over a period of years and the renal 
pelvis has now become normal. Most of the patients have had ureteral reflux, 
particularly on the left side. No specia! operation has been performed to pre- 
vent such reflux and it is interesting that in 2 of the patients this reflux has dis- 
appeared a year after operation. Not only have the upper urinary tracts re- 
mained normal but these patients have not had an abnormal residual volume of 
urine in the bladder after voiding. 

Under normal circumstances these patients are continent. However, during 
crying or straining there may be dribbling. It would appear that while these 
patients are continent under normal circumstances, there is definite stress in- 
continenee. Whether this will be a problem in the future cannot be predicted. 

In view of this experience it would seem reasonable to reverse the estab- 
lished procedure in the care of patients with exstrophy. In the past it has been 
the practice in many clinics to transplant the ureters into the colon early in life 
and at some later date to turn in the bladder, reconstruct the penis, and ab- 
dominal wall. It would seem advantageous to reverse this routine and perform 
the reconstruction as the initial operation. Some of these patients will become 
continent and will not require ureterosigmoidostomy. Those patients who fail 
to gain continence by the reconstructive procedures can still have ureterosig- 
moidostomy or trénsplantation of the ureters to an isolated ileal segment, and 
the earlier operations will not have been in vain for they have corrected the local 
anomaly of the penis, bladder, and abdominal wall. 
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COMPARISON OF LOW (AZYGOUS) FLOW AND HIGH FLOW 
PRINCIPLES OF EXTRACORPOREAL CIRCULATION EMPLOYING A 
BUBBLE OXYGENATOR 


Dresu, M.D., P. J. Fuynn, M.D., S. A. Marasie, M.D., D. G. M.D., 
K. J. Scomurzer, M.D., W. P. Lonemire, JR., M.D., AND 
J. V. Mauoney, Jr., M.D., Los ANGELES, CALIF. 
WITH THE TECHNICAL ASSISTANCE OF J. E. ARZOUMAN, B.S. 


(From the Department of Surgery, University of California Medical Center) 


IBBON,* '! a pioneer investigator in the field of extracorporeal circulation, 

directed his efforts toward the maintenance of a relatively normal cardiac 
output during eardiae by-pass operations. Although efforts to maintain rela- 
tively normal systemic blood flow seemed a logical aim, great technical diffi- 
culties were presented by the problems associated with oxygenating and pump- 
ing large quantities of blood. An important contribution to this field was the 
demonstration by Andreasen and Watson" ? that animals could survive occlusion 
of the superior and inferior venae cavae for significant lengths of time, pro- 
vided that blood flow was permitted to continue through the azygous vein. The 
group at the University of Minnesota* * * 1° 1° has been responsible for a series 
of significant advances with their clinical application of the azygous flow prin- 
ciple to the use of cross circulation, reservoir perfusion, homologous lung oxy- 
genation, and the bubble oxygenator. Investigators concerned with extracor- 
poreal circulation are divided into two schools—those favoring the azygous flow 
prineiple and those preferring a more normal eardiae output. The merits of 
the two methods of perfusion are difficult to ascertain because the two groups 
have employed different machines, varying indications for operation, and dis- 
similar operative techniques. The purpose of the present investigation is to 
compare the high and low flow principles under controlled conditions employing 
the bubble oxygenator. 

Pump oxygenators have become so simplified and inexpensive and interest 
in extracorporeal circulation is so general that there have appeared scores of 
publications from as many medical centers dealing with various aspects of the 
problem. It is interesting to note the paucity of information in these publica- 
tions concerning survival in animals. The fact that so many groups of investi- 
gators continue to test one apparatus after another before applying cardiac 
by-pass clinically suggests that a significant mortality in experimental animals 
may be a general phenomenon. 


METHODS 


Fifty-three fasting mongrel dogs (weighing from 9.0 to 15.0 Kg.) were 
anesthetized with thiopental sodium and maintained on endotracheal ether- 
oxygen anesthesia. Preparation of the animal for cardiae by-pass followed the 
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method deseribed by Lillehei and associates.” The bubble oxygenator was the 
same as Model III deseribed by DeWall and associates’ with the following ey- 
ceptions: (1) The venae cavae were drained by gravity into a venous reservoir; 
(2) an arterial reservoir which served as a bubble trap was added to the cireuit; 
(3) a special plenum chamber containing an 80 mesh stainless steel filter was 
employed in the arterial line to remove particulate matter and reduce the flow 
rate to permit removal of bubbles; (4+) two additional T-tube bubble traps were 
added; and (5) a plastic mesh, coated with Antifoam A,* was placed in the 
debubbling chamber. Blood was oxygenated in the bubble column with a mix- 
ture of 95 per cent oxygen and 5 per cent CO, at a flow rate of 1 L. of gas per 
100 ml. of blood pumped. At high flow rates the volume of gas was reduced 
to 600 ml. per 100 ml. of blood flow. 


PLASTIC MESH 


CAVAL 


ae ARTERIAL RESERVOIR 
ORAINAGE AND BUBBLE TRAP 


ARTERIAL INPUT 


= 


FILTER AND 
BUBBLE TRAP 


Fig. 1.—Diagram of single and dual bubble oxygenator as employed in these experiments. 


Blood for priming the pump was collected in siliconized bottles from 1 or 
2 donor dogs and was prevented from clotting with 36 mg. sodium heparin per 
liter. Citrated blood was collected for postoperative use in similar bottles. Be- 
fore cardiae by-pass, the animal was heparinized with 1.5 mg. per kilogram of 
body weight of sodium heparin. Protamine sulfate, in the dosage of 2.0 mg. 
per kilogram of body weight, was administered at the end of perfusion to re- 
store blood coagulability. Animals were observed closely for 3 hours following 
operation and transfused if necessary. Penicillin and streptomycin were ad- 
ministered in appropriate doses. 

A continuous recording of the electrocardiogram, electroencephalogram, 
and arterial blood pressure was made on a multichannel oscillograph. Control 
blood samples were drawn for chemical analysis 15 minutes before the start of 
cardiae by-pass. At the end of 20 minutes, blood samples were again taken for 
analysis, and the extracorporeal circulation was discontinued. Standard lab- 
oratory methods were used to determine arterial and venous oxygen content and 
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capacity, serum hemoglobin, hematocrit, serum glucose, potassium, lactate, and 
amino acid nitrogen. A Beckman pH meter was used to measure pH of 
whole blood immediately after withdrawal of the sample. 

Forty-three dogs were perfused at a rate of 35 or 70 ml. per kilogram of 
body weight per minute. There were 29 animals in the low flow group and 
14 in the high. Because of a striking difference in mortality between the two 
groups, a third series of 10 dogs was perfused at a rate of 70 ml. per kilogram 
of body weight per minute employing two bubble oxygenators arranged in 
parallel (Fig. 1). 

For the purpose of this study, a surviving animal is defined as one which 
lived 48 hours without evidence of neurologie damage. 


RESULTS 


As would be expected, arterial blood pressure was maintained at a signifi- 
cantly higher level by the higher perfusion rates. The expected increase in 
arteriovenous oxygen difference in the low flow animals was also confirmed. 

Serum hemoglobin increased on an average of 52 mg. per cent in the low 
flow and 19 mg. per cent in the high flow dogs (difference not statistically 
significant). Hematocrit decreased in both groups, presumably due to saline 
used to fill tubing and cannulae. The pH fell 0.2 units in the low flow animals 
and 0.1 units in the high flow animals. This change in hydrogen ion coneen- 
tration is presumably due to an inerease in fixed acids, since arterial CO. 
content did not rise. The mean levels of serum lactate, before and after per- 
fusion, were not significantly different, although the mean change in lactate 
in the low flow animals showed a significant increase. Serum amino acid nitro- 
gen and glucose did not change, and the fall in serum potassium was not statis- 
tically significant. 

Electrocardiogram and Electroencephalogram.—tTransient shifts in the elee- 
trical axis of the heart and alterations in the ST segment were frequently 
noted, but there was no consistent difference between the high and low flow 
animals. The eontinuously recorded electroencephalogram showed no signifi- 
eant change on initiation or discontinuance of perfusion. 

Survival Data.—The results of the survival experiments in the 53 consecu- 
tive dogs were striking and unexpected. Twelve of 29 animals pumped at a 
flow rate of 35 ml. per kilogram of body weight per minute were alive and 
well at the end of the 48 hours, a survival rate of 41 per cent. It had been 
anticipated that the high flow animals with better blood pressure and increased 
tissue perfusion would have a better survival rate. Remarkably enough, none 
of the 14 animals perfused at 70 ml. per kilogram of body weight per minute 
survived longer than 24 hours. 

Comment.—Despite the extensive biochemical and physiologie studies per- 
formed in the two groups of animals, the data failed to explain the unexpected 
100 per cent mortality in the animals pumped at high flow rates. A review of 
the literature on the bubble oxygenator gives inferential evidence that the 
lethality of high flow rates with the bubble oxygenator is not unique to this 
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TABLE I. OBSERVATIONS IN 13 Low FLOW AND 13 HIGH Foy 


MEAN ARTERIAL OXYGEN A-V PLASMA “oe 
BLOOD PRESSURE DIFFERENCE HEMOGLOBIN | 
MM./Hg (VOL. % ) (MG. %) HEMATOCKIT 
RELATION 
TO BY-PASS PRE POST PRE POST | PRE | POST | PRE | POST 
* + *+ % 


0141.82 9.084192 48+28 100447 48.4468 37.4146) 


Low flow 140 Ps 19 60 Ps 25 
Mean 69 ~ 17 40 ~ 20 

t + * 

High flow 144 a 27 90 n 22 4.00+2.01 4.53 + 0.54 59 + 54 78+36 438.7254 39:823; 

*Change from preperfusion values is statistically significant (p = < .05). 

*Difference between low and high flow animals is statistically significant (p = < .05). 


laboratory. Although the bubble oxygenator is stated to be capable of pro- 
dueing any desired flow rate, flow rates between 26 and 60 ml. per kilogram 
of body weight per minute are advised.° 

From observation in the laboratory, two facts appeared significant: (1) 
dogs pumped at high flow rates for a period of 20 minutes did not survive, and 
(2) dogs pumped at low flow rates for a period exceeding 40 minutes did not 
survive. These observations suggested that survival was related to the total 
amount of blood which passed through the pump oxygenator system during the 
period of perfusion. It appeared possible that the apparatus introduced some 
toxie element into the blood at a relatively constant rate so that survival of 
the animals was related to the total volume of blood perfused. The fact that 
many of the animals died in a syndrome characterized by arefiexia and hypo- 
tension suggested cerebral damage, perhaps due to minute amounts of gas 
suspended in the perfused blood. Because of the possibility that the efficiency 
of the debubbling apparatus might be reduced at high flow rates, experiments 
were designed to utilize two bubble oxygenators operating in parallel (Fig. 1). 
A high total flow could, therefore, be pumped with each of two bubble oxy- 
genators operating at flows of 35 ml. per kilogram of body weight per minute. 

Dual Oxrygenators in Parallel—Ten animals were perfused for a period of 
20 minutes at a flow rate of 70 ml. per kilogram of body weight per minute 
with each oxygenator operating at a flow of 35 ml. per kilogram of body weight 
per minute. Of 10 animals so perfused, 3 were long-term survivors. Although 
a survival rate of 30 per cent in this small series is low, these 3 animals were 
the only ones ever to survive a high flow rate on the bubble oxygenator in this 
laboratory. 


DISCUSSION 


It must be pointed out that the evidence for air embolism as the cause of 
the mortality in the high flow group is only inferential and indirect. In support 
of this possibility is the fact that 80 per cent of the animals pumped at 70 ml. 
per kilogram of body weight per minute failed to react from anesthesia and 
showed a characteristic muscular flaecidity and a progressively deteriorating 
blood pressure. Such was the case despite the fact that anesthesia prior to 
initiation of by-pass was very light. It was regularly noted that soon after the 
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ANIMALS BEFORE AND AT TERMINATION OF CARDIAC By-Pass 


NITROGEN 


(MG. %) 


GLUCOSE | Kr | | SERUM LACTATE 


AMINO ACID 
(MG. %) (MEQ./L. ) pH (MG. %) | 


| 
PRE | POST | PRE | POST | PRE | POST PRE | POST | PRE | POST 


* 


144448 139455 3.40.58 3.34041 7,540.11 7.3 + 0.08 25.2 + 10.6 32.7 + 11.9 6.2 + 0.88 6.1 + 0.59 


139+45 13945 610.58 12 7.3 + 0.15 30.0 + 14.0 32.6+ 7.7 5.14 0.52 5.1 + 0.66 


start of cardiae by-pass, the level of anesthesia appeared to deepen. This sug- 
gests that the animal was having some neurologic insult during the procedure. 

Chemical data show a metabolic acidosis more severe in the low flow animals. 
This is presumably the result of anaerobic metabolism secondary to low tissue 
perfusion rates. The high flow animals were in a better physiologic state so 
far as metabolic acidosis, arterial blood pressure, and arteriovenous oxygen 
difference are concerned. This improved physiology was of little consequence 
in view of the 100 per cent mortality in the high flow group. 

If the possibility of air embolism were limited to high flow rates, the prob- 
lem could be obviated by the use of low flows. Unfortunately, there is evidence 
of similar difficulty at low flow rates. In the high flow group 80 per cent of the 
animals failed to react from anesthesia; but, even at low flows, 20 per cent of 
the animals failed to react and exhibited the characteristic neurologic syndrome. 

A survey of the literature reveals surprisingly little data on animal survival 
rates on the bubble oxygenator in a large series of cases. Other investigators 
have found, as we have, that it is possible to obtain a small series of consecutive 
survivors. In a large series of animals, however, there is a significant mortality 
unexplained by infection or technical error. The data reported here give 
inferential evidence that this mortality may be related to microscopic air em- 
bolism. 


SUMMARY 


Extensive physiologic and biochemical studies have been made in a series 
of 53 dogs subjected to cardiae by-pass for 20 minutes employing a bubble oxy- 
genator. A comparison was made between animals perfused at flow rates of 
39 ml. and 70 ml. per kilogram of body weight per minute. 

1. The expected higher arterial pressure and lower arteriovenous oxygen 
difference was demonstrated in the animals perfused at the higher flow rate. 

2. A metabolic acidosis, more severe in the low flow animals, was demon- 
strated. 

3. Changes in serum potassium, glucose, and amino acid nitrogen were 
not statistically significant at either flow rate. 

4. At a flow rate of 35 ml. per kilogram of body weight per minute, sur- 
Vival rate was 41 per cent; at 70 ml. per kilogram of body weight per minute, 
there were no survivors. 
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5. Employing two bubble oxygenators, operating in parallel, a surviva! 
rate of 30 per cent was obtained at perfusion rates of 70 ml. per kilogram of 
body weight per minute. 

These results are interpreted as giving inferential evidence that micro- 
scopic air embolism may be a factor producing mortality in the use of this type 
of bubble oxygenator. 


Appreciation is expressed to J. H. Gibbon, Jr., M.D., Lt. J. H. Kirklin, M.D., C. W. 
Lillehei, M.D., R. L. Vareo, M.D., and R. A. DeWall, M.D., for their courtesy and assistance 
to us during the course of these investigations. 
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DIscUSSION 


DR. CLARENCE DENNIS (Brooklyn, N. Y.).—My associates and I have been very 
much concerned with the problem of air embolism, and this is the reason why we have stayed 
with a film type of oxygenator and have not used the bubble oxygenator. 

Dr. Karlson and I worked with a bubble type of oxygenator in 1947 and 1948 and 
abandoned it at that time because we were not able to convince ourselves that we could 
get rid of the risk of air embolism. Recently, as a means of trying to evaluate air em- 
holism, Dr. Karlson and my other associates worked in the laboratory, injecting air in small 
measured quantities into the carotid artery. It is apparent that the heart will survive a 
degree of air embolism that the brain will not. 

It is possible to demonstrate by means of this injection of small amounts of oxygen 
or air into the carotid artery that a dog may survive the operative procedure—this being 
only injection of air—may wake up, may walk around the room, may eat, may lie down and 
sleep, and may look fine for the first 10, 12, or 14 hours; then gradually a deterioration sets 
in consisting of drop in blood pressure, loss of strength, collapse into coma, shock, and death. 
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A long series of such experiments is shortly to come out in print, and it is our convic- 
tion that the fact that a dog survives does not mean that he has not had damage from air 
embolism. 

There have been dogs in which we had no clinical neurologic evidence of any ill effects 
and in which microscopic studies of the brain showed large areas of very severe damage. 


DR. GEORGE H. A. CLOWES, JR. (Cleveland, Ohio).—I cannot help rising and con- 
gratulating Dr. Maloney for the very straightforward, honest presentation of his difficulties. 

At the risk of introducing some older work, I would like to show a few slides that 
bear directly on this problem. This one is a record of one of the 50 per cent of animals 
which did not survive an hour total perfusion with the bubble oxygenator we then employed. 
The brain wave tracing is shown in the third line. You will notice in the fourth column 
that the wave potential is completely absent near the end of perfusion. Animals showing 
this type of depression never survived. We felt at that time, and still do, that this was 
due to fibrin or gaseous embolus formation, one of the defects of the machine we were 
then using. 


This is the membrane oxygenator as it is now used in our laboratory and clinic. The 
apparatus illustrated is a large one set up for operating upon an adult patient. The volume 
of blood required has been reduced to reasonable levels, and it has been found to be quite 
capable of furnishing adequate oxygen and maintaining normal CO, levels. Since animals 
have survived periods up to 3 hours of total perfusion, we feel that the problem of embolus 
formation has been in great measure eliminated. 


Blood is made to flow between layers of polyethylene with oxygen outside them. Here 
we see the membranes as the oxygenator is being taken apart. 


(Slide.) Now, I want to talk about this matter of high flow and low flow rates. This 
is representative of a group of animals subjected to total perfusion for one hour at rates 
varying from 70 to 80 ¢.c. per kilogram using the membrane oxygenator. As you can see, 
there was relatively little change in either the brain wave cardiogram or the blood itself as 
shown in the lower parts. 


By comparison here are similar data from an animal perfused at the low flow rate of 
30 c.e. per kilogram per minute. The only remarkable differences are that there was a 
considerable decrease in venous oxygen coming back to the pump indicating a low tissue 
oxygen tension and a rather severe rise of lactic acid compensated by respiratory alkalosis. 
The brain waves show only slight depression. Practically all of the animals of both groups 
survived total perfusions of one hour. The animals subjected to low flows were definitely 
more sluggish in waking up. 

Therefore, I would suggest that the deaths among Dr. Maloney’s animals are, in all 
probability, due to factors other than maintenance of chemical equilibrium or flow rate. 
The most likely seems to be embolus formation, either particulate or gaseous. 


DR. C. WALTON LILLEHEI (Minneapolis, Minn.).—There are now an impressive 
number of patients of all ages who have had successful direct vision intracardiac repara- 
tive surgery with total by-pass utilizing the large bubble oxygenator of design similar 
to that advocated by our group at the University of Minnesota. 


We have experience with more than 250 patients and personal knowledge of more 
than 500 patients to this date who have had by-pass with use of this oxygenator. Ob- 
viously, this number of operations would not have been possible without considerable con- 
fidence on the part of the surgical teams as established by daily use in the effectiveness 
of the method. 


Moreover, detailed metabolic studies involving 120 patients, published elsewhere 
(DeWall and associates, J. A. M. A., 1957) indieate that of the several principles of oxy- 
genation advocated a bubble oxygenator is perhaps the most efficient in maintenance of 
the patient’s acid-base regulation during by-pass, It should be mentioned, too, that the 
bubble oxygenator lends itself readily to steam sterilization which is a sine qua non for 
safe clinical usage. 
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We have had a substantial number of visiting surgeons and cardiologists at the 
University of Minnesota, and we welcome their continued interest. Most see one or mor 
clinical procedures and often are impressed with the simplicity and reproducibility of tho 
apparatus they have observed. Moreover, being well aware of the backlog of patient. 
needing this type of surgery in their own area, they often resolve with good reason t. 
take up this type of work immediately. 

Herein lurks one of the pitfalls for some, The apparatus is so simple and so under 
standable that the urge to modify it is almost irresistible. Many have it modifie:| 
mentally or on paper before their airplane is off the ground at the Minneapolis airport. 
Moreover, as often happens their conferees back home are quick to modify their modifica- 
tions, 

Now it is quite apparent from his slides that Dr. Maloney has modified considerably 
our bubble oxygenator. Certainly, I am not so presumptuous as to believe the design of 
this type of oxygenator cannot be improved by modifications, Quite the contrary, I believe 
that there is no ultimate in any field of human endeavor including oxygenator design. 

However, it often happens that in the beginning in this field the investigator may 
not have the necessary training, experience, or, more important, may not take the time 
nor have the patience to devote the countless hours necessary to properly evaluate his 
modifications, 

One of the most common complaints that one hears from surgeons beginning ex- 
perimental work with perfusion techniques, of any type, is that their animals do not 
survive nor even awaken sometimes. 

All who have worked in an experimental surgical laboratory know that there are a 
host of possible complications that may result in animals not surviving even the simplest 
surgical procedures. These factors are’ related to general care and condition of the an- 
imals, equipment, or skill of the operators. I shall not discuss these factors even though 
they are very important because this information is generally available, However, there 
are certain complications more or less unique to perfusion experiments and I should like 
briefly to emphasize these because I believe some may find them particularly helpful in 
evaluation of Dr. Maloney’s paper as well as their own experience, 

One of the commonest errors accounting for dogs not awakening after perfusions is 
an overdose of anesthesia inadvertently administered by putting the patient animal to 
sleep, often with pentobarbital sodium (Nembutal) or other long-acting agent; and then, 
in addition, priming the oxygenator with blood drawn from a donor animal also an- 
esthetized with a long-acting barbiturate. We recommend light anesthesia in the patient 
dog maintained by small increments of 2.5 per cent sodium pentothal, The donor blood 
is drawn from unanesthetized animals. 

The use of a helix reservoir is very important. This unit serves not only as a reser- 
voir, but offers virtually complete protection even under extreme conditions against blood 
containing free gas leaving the oxygenator. The physical forces that operate to make 
the helical design far superior to a vertical drop reservoir so commonly employed have 
been defined previously (S. Clin. North America, 36: 1025, 1956). 

Finally, the most important and perhaps most frequent causes of perfusion failures 
are faulty design and/or application of blood filters, bubble traps, catheter connectors, and 
adaptors. Blood passing a constricting area in a conduit at the higher perfusion rates will 
deposit friable clots of fibrin in dead spaces of these poorly designed connectors or other 
portions of the apparatus where turbulence occurs. These clots then may pass to the an- 
imal as emboli. Increasing the degree of heparinization will not prevent this clot forma- 
tion, but this complication may be avoided completely by properly designed conduit con- 
nectors in which the lumen is highly polished and is unobstructed so that flow is always 
streamlined. 

The same clot formation has been caused at times by the filters. A properly designed 
filter in the arterial circuit is essential, but great care is necessary in its design, For 
example, in one group of animals we utilized, as an arterial filter, a long socklike fine 
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mesh tube of nylon closed at its distal end and suspended by means of a specially designed 
collar within the helix tubing near its exit. Despite the apparent excellence in theory of 
the design of this filter, it proved lethal to most of the animals because of the whipping action 
of this supple nylon tube within the pulsatile flowing stream of blood which effectively 
defibrinated the blood producing a characteristic syndrome (abnormal hemorrhage due to 
loss of fibrinogen and neurologic sequelae due to the emboli of fibrin). 

In consultations with others, this “defibrination syndrome” due to poorly designed 
connectors, filters, bubble traps, and so forth, intersposed with the extracorporeal blood 
circuit has been the single most important cause of perfusion failures, These factors are 
independent of the type of extracorporeal oxygenator utilized. An observation aiding in 
the recognition of this complication is the fact that a short perfusion at a lower flow 
may appear entirely safe while a longer perfusion interval especially with a higher flow 
and thereby greater turbulence will result in failure of the animal (or patient) to awaken 
promptly or at all, often combined with an unusual hemorrhagic tendency. 

Some have confused this “defibrination syndrome” with sequelae due to air embolism, 
reactions to heparin, or to protamine “breakaway.” It is also worthy of emphasis that 
blood defibrination is independent of hemolysis and is not necessarily associated with high 
levels of plasma hemoglobin. 

One brief word in closing about the subject of low versus high flow rates which 
seems to be an unnecessarily contentious subject amongst surgeons. We originally ad- 
vocated low flow rates at a time when most all investigators were attempting to oxy- 
genate and perfuse high rates of flow with uniform failure. The azygos flow experimental 
studies indicated that survival was feasible temporarily with amazingly small quantities 
of blood. It was my contention that it was better to have patients alive and cured of 
their cardiac lesions unphysiologically, perhaps, than to have them dead physiologically. 

As soon as it was possible to oxygenate and pump low flow rates safely and as soon 
as the surgical techniques had been mastered, it has been a simple problem to increase the 
flow rates to any desired level. The question then was no longer what was possible, but 
rather what perfusion rates are optimal. We have analyzed the physiologic responses of 
120 patients undergoing total body perfusion up to 1% hours together with the results 
of several hundred experimental perfusions, and on the basis of these data perfusion rates 
of 1,200 to 1,600 ¢.c. of blood per square meter of body surface per minute currently are 
recommended for acyanotic patients. For patients with cyanotic disease flow rates 15 
to 25 per cent greater are utilized. At these perfusion rates the oxygen consumption of 
the tissues reaches the maximum, and increasing the flows beyond this quantity seems 
merely to increase the oxygen content of the venous blood leaving these tissues, 


DR. MALONEY.—Perhaps it is as one friend of mine said, ‘‘ All these people around 
the United States who are trying to get good survival rates on dogs before going to patients 
are setting back cardiac surgery 10 years.’’ ‘ 

We have underway an extensive program comparing the Gibbon and the bubble 
oxygenator both experimentally and clinically. 

Our first 3 patients on the bubble oxygenator survived and did fine. They ex- 
hibited many abnormalities which at the time we assumed were part of the cardiac by- 
pass procedure. However, only when a single surgeon has used both the Gibbon lung and 
bubble oxygenator is it apparent that these abnormalities are specifically related to the 
use of the bubble oxygenator. 

Our experience with a Gibbon machine is relatively new, and it is unwarranted to 
discuss it extensively at the present time. I hasten to add that we are a group who have 
not had enough ingenuity to produce a new or better machine, and when one lacks that 
kind of ingenuity, one has to look around to try to confirm or improve the work of others. 
I think that is what we have done in these experiments. We have shown that there is 
some area for improvement in the design of the bubble oxygenator. In no way do these 
experiments detract from the significance of the fine contribution made by Dr. Lillehei’s 
group. 
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THE USE OF CORONARY PERFUSION AND CARBON DIOXIDE 
REGULATION IN INTRACARDIAC OPERATIONS 
PERFORMED UNDER HYPOTHERMIA 


FRANK C. SpENcER, M.D.,* James R. M.D., 
Henry T. Bannson, M.D., Mp. 


(From the Department of Surgery, The Johns Hopkins Hospital, and The Johns Hopkins 
University School of Medicine) 


INTRODUCTION 


NTRACARDIAC operations performed during circulatory occlusion under 
general body hypothermia are subject to two major limitations. These are, 
first, the short period of time that the heart can withstand circulatory inter- 
ruption and, second, the susceptibility of the heart to ventricular fibrillation. 
The time period can be lengthened by perfusion of the coronary arteries with 
oxygenated blood during the period of circulatory interruption. The duration 
of caval occlusion is then limited by the tolerance of the brain for ischemia, 
which is considerably greater than that of the heart. The danger of ventricular 
fibrillation ean be reduced by limiting the degree of hypothermia to 28° C., per- 
fusion of the myocardium to avoid anoxia, and regulation of the rate of ventila- 
tion so that the alveolar carbon dioxide is near normal levels. This report 
describes our experiences with 29 intracardiac operations performed under 
moderate general body hypothermia in association with coronary perfusion and 
alveolar earbon dioxide regulation. 


METHODS 


The lesions operated upon were atrial septal defect, pulmonic stenosis—both valvular 
and infundibular, aortic stenosis, and anomalous drainage of the pulmonary veins. Ages of 
the patients ranged from 10 months to 46 years. Preanesthetic medication included pro- 
methazine, 1 mg./Kg., the night before operation, and chlorpromazine, 1 mg./Kg., Demerol, 
1-2 mg./Kg., and scopolamine, 0.01 mg./Kg., the morning of operation. Anesthetic agents 
were either cyclopropane and ether or Pentothal and nitrous oxide. Hypothermia was pro- 
duced by circulating cold fluid through a mattresst surrounding the patient until the eso- 
phageal temperature reached 32 to 33° C.; the temperature often decreased subsequently to 29 
to 30° C. Small catheters were placed in a femoral artery and vein for the constant record- 
ing of intravascular pressures with strain gauges} and an electronic recorder.§ Cooling time 
varied from 30 minutes for small children to 2.5 hours for some adults. Alveolar carbon 
dioxide was measured with an infrared analyzer|| by continuous sampling of the gases in the 


Aided by U.S.P.H.S. Grant H-1326 from Dec. 1, 1957 to Nov. 30, 1958. 
Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 1957. 
*John and Mary R. Markle Scholar in Medical Science. 
*jHypo-hyper Unit, Thermo-rite Products Corp., Buffalo, N. Y. 
{Model P-23-D, Statham Instruments, Inc., Los Angeles, Calif. 
§Sanborn Poly-Viso Cardiette, Sanborn Company, Cambridge, Mass. 
||COz Analyzer, Liston-Becker Instrument Company, Stamford, Conn. 
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endotracheal tube. The volume of ventilation was regulated to produce an alveolar carbon 
dioxide of 2.5 to 4 per cent. Blood samples for pH determinations were taken at frequent 
intervals. A sketch of the assembled apparatus is shown in Fig. 1. 


A bilateral thoracotomy through the third or fourth intercostal space was made 
in all patients except those with atrial septal defects. In these patients only the right fourth 
intercostal space was opened. The superior and inferior venae cavae were encircled with tapes 
which would occlude the vessel when a piece of rubber tubing was snugged down. Coronary 
perfusion was not used until the sixth patient in the series developed ventricular fibrillation 
after 6.5 minutes of caval occlusion for closure of an atrial septal defect. It was used in all 
subsequent patients except those with aortic stenosis. The perfusion was through a 1 em. long 
18 gauge thin-walled needle placed in the ascending aorta and secured with a purse-string 
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Fig. 1.—The body temperature is lowered by cold fluid circulated through a rubber 
blanket surrounding the patient. Electrocardiogram, arterial pressure, venous pressure, and 
alveolar carbon dioxide are recorded. 


suture in the aortic adventitia. A separate suture was required to close the puncture wound 
in the aortic wall when the needle was withdrawn. Blood for coronary perfusion was 
collected the morning of operation. Well-oxygenated blood was obtained by immersion 
of the arm in warm water (45° C.) for 20 minutes. It was heparinized with 20 mg. of 
heparin per 500 ml. of blood and kept in a water bath at 37° C. until it was used. Gravity 
perfusion was used by suspending the blood bottle 100 to 125 em. above the aorta. The 
perfusion tubing was a commercial infusion set* which was autoclaved. 


Circulatory occlusion was begun by occlusion of the cavae and followed in about 
30 seconds by occlusion of the ascending aorta distal to the perfusion needle. After the 
heart was opened and the lesion identified, coronary perfusion was begun. This was 


*Fenwal Recipient Set, Fenwal Laboratories, Inc., Framingham, Mass. 
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usually about one minute after the beginning of caval occlusion. The rate of coronar) 
perfusion varied from 15 to 70 ml. per minute; the rate was not regulated except thai 
flows greater than 40 ml. per minute were avoided in small patients. Circulatory ocelusio: 
was stopped by serial release of the inferior vena cava, aorta, and superior vena cava. 


aricuspid 


penis of 
Sinus 


Fig. 2.—Cavae are occluded and atrial septal defect can be seen through an incision in 
the right atrial wall. <A needle has been placed in the ascending aorta for coronary per- 
fusion, and the ascending aorta is occluded. 
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., ig. 3.—The atrial septal defect is closed with a continuous silk suture. The atrium 
i tk = with saline before the sutures are pulled taut in order to displace air from 
left atrium. 


Atrial septal defects were exposed through an incision in the right atrium and closed 
with a continuous 00 silk suture (Figs. 2 and 3). Air embolism was avoided by leaving 
blood in the left atrium while the defect was sutured and by flooding the right atrium 
with saline before the sutures were tied, as described by Swan.10 In patients with 
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anomalous pulmonary veins the atrial septal defect was so closed that the pulmonary veins 
drained into the left atrium. Pulmonic valvular stenosis was exposed through an incision 
in the pulmonary artery and the three fused commissures were cut to the arterial wall 
(Fig. 4). Infundibular stenosis was excised through a right ventriculotomy. In both 
instances the infundibular lesion was recognized after the pulmonic valve had been ex- 
posed through an incision in the pulmonary artery. Aortic stenosis was approached 
through an incision in the ascending aorta. Accurate identification of the commissures 
was often not possible in calcific aortic stenosis. 


The temperature was raised to 35° C. with the Thermo-rite apparatus before the 
patient left the operating room. The period of time required for warming the patient 
varied from 30 to 120 minutes. This period was shortened in some instances by pouring 
warm water (108° F.) into the chest for 10 to 15 minutes before the chest was closed. 
This usually raised the temperature 2 to 3 degrees. 
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Fig. 4.—A pulmonic valvular stenosis has been exposed through an incision in the 
pulmonary artery. The fused commissures will be divided along the dotted lines. Coronary 
perfusion is given through the needle in the ascending aorta. 


RESULTS 


General._—Twenty-nine operations were performed: 12 for atrial septal 
defect, 8 for pulmonic valvular stenosis, 2 for infundibular stenosis, 5 for aortic 
stenosis, and 2 for total anomalous drainage of the pulmonary veins. The dura- 
tion of eaval occlusion varied from 2 to 12 minutes, with most periods being 
between 3 and 6 minutes. The temperature range during caval occlusion was 
28 to 33° C. 

There were 7 deaths. These included 3 patients with calcific aortic stenosis, 
one with subaortic stenosis in association with infundibular stenosis of the right 
ventricle (Case 7, Table V), one with an atrial septal defect, one with pulmonic 
Stenosis with atrial defect, and one with total anomalous drainage of the pul- 
monary veins. Four patients developed ventricular fibrillation, one before 
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eardiotomy and 3 afterward. One patient (with an atrial septal defect) was 
successfully resuscitated (Case 4, Table I). The 3 fatal instances were probabl\ 
related to the underlying aortic stenosis in 2 and to a severe acidosis in on 
patient with an atrial septal defect. There were no other significant complica- 
tions. 

Atrial Septal Defects—Experiences with the closure of 12 atrial defects arc 
tabulated in Table I. The oldest patient was 21 years of age. The venae cavac 
were occluded from 5 to 9.5 minutes. Coronary perfusion was done in all but 
the first 4 patients. The flow rates varied from 15 to 60 ml. per minute. The 
hearts receiving coronary perfusion contrasted markedly with those not perfused. 
The cardiac contractions were more vigorous during the caval occlusion and 
showed no tendeney to weaken as the occlusion time lengthened. The cardiac 
action was as vigorous after 5 minutes of occlusion as after 2 minutes. When 
the caval occlusion was terminated, the blood pressure often rose to normal levels 
in a few seconds. The nonperfused hearts had a much more gradual return of 
preocelusion blood pressure. Throughout the period of hypothermia, the 
respiratory rate was controlled to keep the alveolar carbon dioxide between 3 and 
5 per cent. However, the blood pH varied from a mild acidosis to a mild 
alkalosis (7.18 to 7.63), except in one unexplained instance of severe acidosis. 


TABLE I. CLOSURE OF ATRIAL SEPTAL DEFECT 


ALVEOLAR 
DURATION | CORONARY | CARBON 
TEMP. OF CAVAL | PERFUSION] DIOXIDE BLOOD 
CASE AGE (DEGREES | OCCLUSION (ML./ RANGE pH 
NO. ( YR.) Cc.) (MIN. ) MIN.) (PER CENT)| (RANGE) RESULT 
2. a2 5 30 5 None 4-5 7.29-7.50 Good 
2. B. E. 10 30 6 None 3-5 7.29-7.39 Good 
3. C. A, 10 30 5 None 3.5-4.5 7.35-7.52 Good 
4. L. M. yf 32 64 None 3.5-4.0 7.20-7.52 Ventricular fibril- 
lation; recovery 
5. E. B. 7 31 6 40 4-5 7.34-7.56 Good 
6. B.S. 10 31 rj 45 3-4 7.27-7.42 Good 
7. M.R. 21 30 74 25 3-7.5 7.18-7.22 Good 
8. L. F. 5 31 94 40 3-4 6.75-7.44 Fibrillation after 
cardiotomy ; 
death 12 hours 
later 
9. 8. H. 14 31 74 15* 2.5-3 7.35-7.49 Good 
10. F. N. 5 30 7 25 7.50-7.60 Good 
21 29 7 30 7.32-7.63 Good 
29 5 65 - 7.38-7.49 Good 


*Perfusion needle probably occluded. 


Ventricular fibrillation occurred once in both the perfused and the non- 
perfused groups (Cases 4 and 8). The fibrillation in the nonperfused heart 
seemed to result from the duration (6.5 minutes) of the circulatory occlusion. 
The eardiae action progressively weakened during the occlusion period, and 
fibrillation developed soon after the ecavae were opened. Resuscitation was 
suecessful. The fibrillation in the patient receiving coronary perfusion was 
associated with a severe acidosis, as blood which was subsequently analyzed 
showed that the pH was below 6.8 for one hour before the venae cavae were oc- 
cluded. No satisfactory explanation for the acidosis could be found. 
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The pulmonary and systemic blood flows are compared in Table II. The 
smallest pulmonary blood flow was 6.8 L. per minute per square meter of body 
surface, the largest was 33.8. None of the patients had severe pulmonary hyper- 
tension. 


TABLE II. HEMODYNAMICS OF ATRIAL SEPTAL DEFECTS* 


PULMONARY BLOOD| SYSTEMIC BLOOD | MEAN PULMONARY 
AGE FLOW FLOW ARTERY PRESSURE 
CASE NO. (YR. ) (L./MIN./M2) (L./MIN./M2) (MM./Hg) 
5 16.9 5.9 14 
2. B.E. 10 py Re: 4.7 21 
4, L. M. 7 6.8 3.9 24 
§: E..B. 7 16.9 3.6 27 
BS. 10 22.5 3.1 14 
7. M.R. 21 10.4 6.1 21 
8: b.¥. 5 9.6 3.0 15 
9. S. H. 14 33.8 3.1 23 
21 13.5 3.3 15 
12. J.J. 13.5 3.1 - 
*Data obtained by preoperative cardiac catheterization. 
M?—Square meter of body surface. 
TABLE IIT. VALVULOTOMY FOR PULMONIC STENOSIS 
ALVEOLAR 
DURATION | CORONARY | CARBON 
TEMP. OF CAVAL |PERFUSION | DIOXIDE BLOOD 
CASE AGE (DEGREES | OCCLUSION (ML./ RANGE pH 
NO. (YR. ) C.) | (MIN.) MIN.) (PER CENT)| (RANGE) RESULT 
ts 19 31 4 None 3.9-4.5 7.33-7.45 Good 
Bs ee 14 30 6 40 2.0-3.5 7.34-7.50 Good 
3. D. D. 9 30 5, 6* 25, 35 3-4 7.23-7.41 Cardiac arrest, 
4th postop. day 
4. A.M 2 31 6 45 3-4.5 7.38-7.40 Good 
5. F. A. 9 30 3 40 2.5-3 7.40-7.55 Good 
6. M.C. 4 32 z 45 - 7.42-7.54 Good 
4.30: 37 30 34 60 3.4 - Good 
16 29 2 50 - Good 


tet nee at separate intervals for pulmonic valvulotomy and closure of atrial septal 
efect. 


Pulmonic Stenosis—Table III shows the results with 8 valvulotomies for 
pulmonie valvular stenosis. The caval oeelusion times were shorter than those 
for atrial defects; the longest one was 6 minutes. All but one of these patients 
had coronary perfusion during the period of caval occlusion. The alveolar 


TABLE IV. PULMONIC STENOSIS: INTRACARDIAC PRESSURES (MM./HG) 


PREVALVULOTOMY POSTVALVULOTOMY 
RIGHT PULMONARY RIGHT PULMONARY 
CASE NO | VENTRICLE ARTERY VENTRICLE ARTERY 
J.W. 9070 6* 50-654 25* 
2. J5.Z. 105/5 15/6 35/5 35/15 
3. D.D. 125/26 14/9 18/11 16/12 
4, A.M. 125/0 5* 60/10 45/15 
5. F.A. 65/0 15/5 28/0 17/5 
6. M.C. 130/0 8* 75/0 45/22 
7. J. 80/0 15/10 24/3 16/9 
8. P.V. 48/8 8/3 36/0 18/8 


*Mean presStire. 
jRange of Systolic pressure. 
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carbon dioxide and blood pH determinations were similar to those of the atrial 
defect group except that the blood pH values show less deviation from normal. 
The one fatality (Case 3) was the only patient in whom 2 operative procedures 
were done, one for pulmonic stenosis and the other for closure of a 1 em. atrial 
defect. Following operation there was a persistent tachyeardia of 140 to 150 
beats per minute. Four days later the patient abruptly collapsed and developed 
cardiae arrest within a few minutes. Post-mortem examination did not show any 
cause of death. 

The pressure gradients across the pulmonary valve before and after 
valvulotomy are shown in Table IV. A small gradient remained in most 
patients, especially in those with markedly elevated right ventricular pressure 
before valvulotomy. Cardiac catheterization studies have not yet been done on 
any of these patients since operation. 

Miscellaneous Operations——Table V lists the experiences with 5 val- 
vulotomies for aortic stenosis, 2 for infundibular stenosis, and 2 for correction 
of total anomalous drainage of the pulmonary veins. The data for duration of 
eaval oeelusion, coronary perfusion, alveolar carbon dioxide, and blood pH are 
similar to those of the two preceding groups. Four of the aortic valvulotomies 
were for acquired aortic stenosis; every patient had a densely calcified valve. 
Only one of the 4 survived operation. One of the 3 deaths resulted from ven- 
tricular fibrillation before valvulotomy was done. The other 2 were similar, 
each appearing as sudden cardiae arrest 36 to 48 hours after operation. Resusci- 
tation was not possible despite prompt thoracotomy and eardiae massage in 
each instance. 

One patient died after resection of infundibular pulmonary stenosis and 
at autopsy had severe, previously unrecognized, subaortie stenosis. This com- 
bination of stenosis of the outflow tracts of both ventricles is rarely seen. The 
final death was of a patient with anomalous pulmonary veins (Case 9). Be- 
cause of an anatomic atrial abnormality not recognized at operation, the atrial 
septum was shifted so that most of the inferior vena caval blood drained into the 
left atrium. 


DISCUSSION 


Coronary Perfusion.—Coronary perfusion was first used by Cookson and 
Costas-Durieux,’ in 1954, in a patient with a ventricular septal defect. Subse- 
quent studies were reported by Shumway and co-workers,® in 1955; although 
laboratory studies were encouraging, operations on 2 patients resulted in one 
fatality and significant complications in the other patient. In 1956, detailed 
laboratory studies were reported by Jude and co-workers,‘ and by Riberi and 
associates.* Both groups found significant benefit from coronary perfusion. The 
most extensive clinical experience has been reported by Grow and co-workers,’ 
who operated upon 10 ventricular septal defects with 2 deaths. The period of 
caval oeelusion ranged from 8 to 14 minutes. Circulatory interruption for 14 
minutes contrasts strikingly with the experiences of Swan and Blount,'! who 
recently reported 111 intracardiae operations without coronary perfusion and 
Strongly recommended that cireulatory interruption not exceed 8 minutes. 
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Our experiences with coronary perfusion indicate that perfusion is of con. 
siderable value in lengthening the period of time that the cireulation can be 
safely interrupted. Strong cardiac contractions throughout the period oi 
caval occlusion were maintained with coronary perfusion, and blood pressur 
returned to preocclusion levels within a few seconds after circulatory occlusion 
was ended. Without perfusion cardiac contraction progressively weakened dur- 
ing circulatory interruption, especially after 4 to 5 minutes. This sequence was 
followed in one patient by ventricular fibrillation when the venae cavae were 
opened after 6.5 minutes of occlusion (Case 4, Table I). Such difficulties did not 
occur in 19 patients receiving coronary perfusion during circulatory interrup- 
tion, 7 of whom had cireulatory interruption for 7 minutes or longer; the 
longest occlusion was 12 minutes. The two instances of ventricular fibrillation 
in this group were secondary to a severe pre-existing acidosis in one patient and 
to drainage of the inferior vena cava into the left atrium in the other patient 
and were seemingly not related to the duration of caval occlusion. The tolerance 
of the brain for ischemia at 30° C. is uncertain, but the cumulative experiences 
indicate that with coronary perfusion at 30° C. the circulation ean be inter- 
rupted for at least 12 to 14 minutes without cerebral injury. Of considerable 
importance is the fact that when myocardial oxygenation is maintained by 
coronary perfusion, blood pressure and cerebral circulation are immediately 
restored when the cavae and aorta are released. This has not always been true 
without coronary perfusion in our experience, and a period of hypotension is 
added to the ischemia of circulatory interruption (Fig. 5). 

The important features of coronary perfusion included perfusion with a 
predetermined pressure (70 to 90 mm. Hg) and the use of oxygenated, warm, 
heparinized blood. The flow rate was determined by the pressure in the per- 
fusion system and therefore varied with the resistance in the coronary cireula- 
tion. As the resistance to coronary perfusion varied widely, perfusion with a 
predetermined volume of blood per minute, rather than at a predetermined 
pressure, would seem to have the danger of rupture of the coronary vessels when 
the coronary resistance was high. The flow rates varied from 15 to 70 ml. per 
minute, indicating a wide variation in the resistance to flow. Some of the varia- 
tion in resistanee probably resulted from the varying amount of blood returning 
from the lungs and heart when the eavae and aorta were occluded. In all in- 
stances of atrial septal defect there was a significant amount of blood in the left 
atrium while the defect was sutured, and in some this blood welled up into the 
right atrium through the defect while it was being sutured. Significant mitral 
insufficiency in one patient resulted in regurgitation of large amounts of blood 
through the defect and made suturing difficult. As this blood drained into the 
left side of the heart, it was expelled from the left ventricle into the oceluded 
aortic segment and into the coronary arteries. This flow retarded the flow of 
blood from the gravity perfusion system. 

The presence of blood in the left atrium was considered important in pre- 
vention of air embolism. Care was taken to avoid aspiration of blood from the 
left atrium while the atrial defect was sutured. Additional precautions against 
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air embolism included the position of the patient with the right side elevated 
so that the left atrium was dependent and the coronary perfusion which pre- 
vented complete ejection of the blood in the left ventricle into the aorta. There 
was no suggestion of air embolism in any of the patients. 

The amount of oxygen needed by the hypothermic heart with the cavae and 
aorta occluded is uncertain, for the work performed by the heart is reduced. 
Surprisingly small amounts of blood were perfused in the adult patients, but 
these patients probably had a larger amount of blood trapped in the lungs and 
draining from the pulmonary veins. The fact that the cardiae contractions did 
not weaken during the occlusion period indicates that the myocardium was re- 
ceiving an adequate supply of oxygen. 
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Fig. 5.—Blood pressure response following caval occlusion with and without coronary 
perfusion. 


The use of warm (37° C.) blood for perfusion is of value in raising the 
myocardial temperature 2 to 3° C. This elevation in temperature perhaps 
strengthens myocardial contractions. However, we have seen no deleterious 
effect when cold blood is allowed to re-enter the heart suddenly on termination 
of caval occlusion. 

It is essential that coagulation of the perfused blood be prevented with 
heparin rather than citrate, for the use of citrated blood results in cardiac arrest 
in a few minutes. The cardiae arrest probably results from the effect of the 
citrate ion on calcium as well as the acid pH of citrated blood (6.70 to 6.80).° 
Perfusion with heparinized blood did not cause a bleeding tendency in any 
patient. 
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Carbon Dioxide Regulation—Hypothermia results in marked changes ii 
carbon dioxide metabolism. These changes have been partly related to the oc 
currence of ventricular fibrillation in hypothermia. Carbon dioxide production 
and oxygen utilization are decreased to the same degree. At 30° C., earboi 
dioxide production is about 60 per cent of that at normal body temperature. Ii 
pulmonary ventilation is controlled and maintained at a normal rate for normo- 
thermie conditions, hypocapnia and alkalosis readily develop. If respirations 
are not assisted, however, a decrease in spontaneous respiratory activity with 
hypothermia results in carbon dioxide retention and respiratory acidosis, which 
readily leads to ventricular fibrillation in laboratory animals. 


Montgomery and co-workers’ found that a respiratory alkalosis produced by 
hyperventilation gave significant protection against ventricular fibrillation. 
Lewis and co-workers,® however, have preferred to hyperventilate their patients 
with 5 per cent carbon dioxide. This method of ventilation prevents lowering 
the alveolar carbon dioxide below 5 per cent, a result quite different from the 
hyperventilation method of Swan. Jude and co-workers® found the incidence of 
fibrillation in experimental animals to be lowest when the alveolar carbon dioxide 
was near normal levels (4 to 5 per cent). Fibrillation was most frequent when 
inereased alveolar carbon dioxide produced a respiratory acidosis, and inter- 
mediate in frequency when decreased carbon dioxide produced an alkalosis. 

In our early elinieal experiences the rate of ventilation was adjusted to 
produce an alveolar carbon dioxide around 4 per cent. Studies of blood pll 
showed that there was a mild decrease in pH (7.25 to 7.35). Henee, the ventila- 
tory rate was increased in subsequent patients to reduce the alveolar carbon 
dioxide to 2.5 to 3.5 per cent. At this rate of ventilation, the blood pH remained 
near normal levels in most patients, although there was considerable variation 
(7.35 to 7.60). In one instance recently, however (Case 8, Table I), there was 
a pH depression below 6.80 despite an alveolar carbon dioxide of 3 to 4 per cent. 
A fatal ventricular fibrillation developed. We have no additional data to eluci- 
date the cause of the acidosis in this patient nor to distinguish between metabolic 
and respiratory derangements. The fatal result, however, in conjunction with 
the wide range of pH values obtained for alveolar carbon dioxide determinations 
of 2.5 to 4.0 per cent, indicated that blood pH determinations should be done 
during the operation before the circulation is interrupted, thereby detecting 
either a respiratory or a metabolic acidosis. The absence of unexplained arrhyth- 
mias in patients whose blood pH was near normal levels (7.35 to 7.55) indi- 
cated that the rate of ventilation should be regulated to produce a pH within 
this range. 

Atrial Septal Defects.—It was possible to close easily the septal defect with 
a continuous silk suture in all patients. The technique described by Swan was 
used.t° None of the defects were of the ostium primum type. Postoperative 
catheterization studies are not completed, but most patients showed a significant 
decrease in heart size and vascularity of the lung fields within a few weeks after 
operation. 
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One particular advantage of the open method of closure of atrial defects is 
the ease of simultaneous correction of any anomalous pulmonary veins that may 
be present. Four of the patients had anomalous drainage of the right pulmonary 
veins into the right atrium. The anomalous drainage was corrected by suturing 
the septum so the veins entered the left atrium. One of the patients had previ- 
ously had an unsuccessful attempt to close the atrial defect by a closed suture 
method. In 2 patients with total anomalous drainage of the pulmonary veins 
through the superior cava, the atrial septum was reconstructed so that the pul- 
monary veins drained into the left atrium. This procedure was not successful 
in one patient because of a separate anatomic abnormality of the atrial septum. 


The open method of closure under hypothermia is not considered indicated 
for defects of the ostium primum type. Repair of these defects usually requires 
the insertion of a prosthesis as well as repair of defects of the mitral valve that 
may be present. Extracorporeal circulation is considered the best method of 
approach for these lesions. 


Pulmonary Valvular Stenosis—The fused pulmonie valve leaflets can be 
divided more accurately under direct vision than by valvulotomy by the closed 
methods. The advantages are a better preservation of valve function and a more 
complete relief of the stenosis. Postoperative catheterization studies have not 
been done, but the pressure gradient across the pulmonie valve measured at 
operation following valvulotomy was less than 20 mm. Hg in all but 2 patients. 
It has not been determined whether the residual gradient is due to the valvular 
stenosis or to the obstruction in the ventricular outflow traet from the hyper- 
trophied ventricular muscle. 

The main objection to open valvulotomy is the magnitude of the operative 
procedure as compared to valvulotomy by the closed transventricular method. 
Open valvulotomy involves a bilateral thoracotomy and an operation of several 
hours’ duration, as compared with a unilateral thoracotomy and an operation of 
less than 2 hours’ duration by the closed method. At present both procedures 
are being used with a comparison of the closed and open methods. The death in 
this series was in a patient with an arterial oxygen saturation of 92 per cent 
because of a 1 em. atrial defect. This defeet was closed during a second period 
of eireulatory occlusion after the valvulotomy was done. Although the mecha- 
nism of sudden death 96 hours after operation is uncertain, subsequent patients 
with small atrial defects will probably be subjected to valvulotomy alone because 
of the possibility that the atrial defects, which often arise from a dilated foramen 
ovale, may close spontaneously after the right ventricular hypertension is 
relieved. 

One additional advantage of open valvulotomy is that infundibular stenosis 
may be found and treated. Two of 10 patients in this series were found to have 
infundibular instead of valvular stenosis, but this was diseuvered only when the 
artery was opened, normal valve cusps found, and an infundibular stenosis pal- 
pated. The stenosis was resected through a right ventriculotomy. One patient 
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did not survive because of an associated subaortie stenosis. If a closed trans. 
ventricular valvulotomy had been done, the infundibular stenosis might not have 
been recognized as there was no external evidence of the site of the stenosis 
immediately beneath the valve. 

Coronary perfusion was superfluous in some patients whose circulation was 
interrupted for only 2 to 3 minutes. However, because of its simplicity, it added 
little to the operative procedure, and its presence permitted a more leisurely 
approach to the valvulotomy when necessary. When an infundibular stenosis 
was resected, its value was greater, for the hearts withstood ventriculotomy and 
excision of the stenosis with surprisingly little disturbance in function. 

Aortic Stenosis——The experiences with 4 valvulotomies for acquired calcific 
stenosis were so discouraging the method has been abandoned. The only survivor 
was a patient who had not been in cardiac failure. One patient’s heart fibrillated 
shortiy before valvulotomy was to be done and could not be resuscitated, al- 
though the valve was opened. The 2 most disappointing cases, however, were 
ones who withstood the operation well, but who died suddenly 36 and 48 hours, 
respectively, after operation. The deaths were considered to be from aortic 
stenosis that had not improved enough from valvulotomy to withstand the 
magnitude of the operative procedure. Both valves were rigid plates of calcium. 
It did not seem that incision of the commissures could restore any appreciable 
degree of valvular function. 

A good result was obtained in the one patient with congenital valvular 
stenosis. Coronary perfusion cannot be used in these lesions, however, so less 
time is available for valvulotomy. Extracorporeal circulation may become the 
preferred approach for these lesions. 


SUMMARY 


1. Twenty-nine intracardiae operations were done with circulatory occlusion 
under hypothermia. The duration of caval occlusion was 2 to 12 minutes. 
During this period the temperature range was 28 to 33° C. The conditions 
operated upon ineluded 12 atrial septal defects, 8 pulmonic valvular stenoses, 
2 infundibular stenoses, 5 aortie stenoses, and 2 total anomalous drainages of 
pulmonary veins. 

2. The coronary arteries were perfused in 19 patients with warmed, heparin- 
ized, oxygenated blood during the period of caval occlusion. Gravity perfusion 
was used with the blood reservoir suspended 100 to 125 em. above the aorta. 
The rate of blood flow varied from 15 to 70 ml. per minute. 

3. By constant analysis of the respiratory gases with an infrared analyzer, 
the alveolar carbon dioxide was kept between 2.5 and 4 per cent by varying the 
rate of ventilation. The corresponding blood pH values had an average range 
of 7.55 to 7.35 but showed marked individual variation. Complete control of the 
blood pH was obtained only by serial pH determinations during the operative 
procedure. 
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4. There were 7 deaths in the 29 operations. Four of these were in patients 
with aortie stenosis. One death was secondary to an anatomic abnormality en- 
countered in the correction of a total anomalous drainage of the pulmonary 
veins. The only death in 12 operations for atrial septal defect was secondary 
to ventricular fibrillation from a severe acidosis (pH 6.78) of unexplained origin. 
The one death in 8 operations for valvular pulmonic stenosis was an unexplained 
one occurring 4 days after operation. The patient had had an atrial septal defect 
closed in addition to the pulmonic valvulotomy. The last 2 deaths were the only 
ones thought to be related to the use of hypothermia. 


5. There were 4 instances of ventricular fibrillation, all of which had a defi- 
nite cause. Two were secondary to the cardiac abnormality, one resulted from 
acidosis, and one developed in a patient who did not receive coronary perfusion 
during 6.5 minutes of caval occlusion. 


6. It is concluded that coronary perfusion and carbon dioxide regulation 
are valuable adjuncts in the use of hypothermia in intracardiac surgery. 


The advice and encouragement of Dr. Alfred Blalock, Chairman, Department of Surgery, 
and Dr. Donald Benson, Chairman, Department of Anesthesia, were of much help with these 
operations. 
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DISCUSSION 


DR. WILL CAMP SEALY (Durham, N. C.).—We have been interested in using a 
combination of hypothermia and extracorporeal circulation for open heart surgery. We 
have done 20 cases with this and we feel that it is better to perfuse the entire body than 
to just perfuse the coronary circulation. We have corrected 10 auricular defects with no 
deaths. We have used low rates from 12 to 30 ¢.c. per kilogram per minute. One patient 
we operated upon had a septum primum defect. The circulation was occluded for 14 
minutes with survival and good results. We have repaired 6 ventricular septal defects 
using our method of cardiac arrest. We have had one patient who developed fibrillation 
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because of the inadvertent administration of air into the right side of the heart. We 
successfully defibrillated this patient and went ahead with the closure of the ventricular 
defect with survival. 

We would like to suggest that perhaps the acidosis that Dr. Spencer notes is a 
metabolic one rather than anything to do with the CO, levels in the alveoli. Total body 
perfusion at even low flow rates plus hypothermia would tend to prevent this metabolic 
acidosis. If only the heart is perfused, then after vena caval release the heart may 
suddenly be supplied with blood rich in metabolic end products. This may be the im 
portant factor in poor heart function when hypothermia alone is used. 


DR. JAMES DEWEESE (Rochester, N. Y.).—Dr. Maloney and I have enjoyed this 
interesting and informative paper. We have utilized our coronary perfusion of warm, 
oxygenated blood through the hypothermic heart clinically and also in the laboratory. In 
the laboratory we have been particularly interested in myocardial metabolism during the 
period of inflow and outflow tract occlusion and during the period of perfusion. 

Following an initial 4- to 6-minute period of inflow tract occlusion, we have perfused 
through the base of the aorta and made a continuous collection of blood from the coronary 
sinus. This slide indicates the beneficial effect of the coronary perfusion of warm oxy- 
genated blood with a tendency for the pH to rise, the CO, to rise, and the lactie acid con- 
centration to fall in the coronary sinus blood. 

The second slide is a comparison of this effect with that of the perfused plasma 
through the heart where the pH falls, CO, falls, and the lactic acid concentration rises. 

We feel that the low flow coronary perfusion of oxygenated blood, preventing the 
increase in the fixed metabolic acids as measured by the lactic acid, is of definite value 
in open heart surgery under hypothermia. 


DR. WILFRED GORDON BIGELOW (Toronto, Canada).—I am not in a position to 
comment on the first part of this paper regarding perfusion. We all realize that hypo- 
thermia does not prevent a progressive anoxia from occurring, but rather it slows up the 
process. 

I was interested in Dr. Spencer’s comments on CO, content of the blood. We have 
been able clinically to compare the hypothermia problems in 3 teams working at Toronto: 
2 in cardiac surgery and one in neurosurgery, with about 260 patients to date. One of the 
problems that led us into this CO, study was the problem of rewarming shock and ocea- 
sionally rewarming death. 

Over a year ago we observed that rewarming shock was associated with a low pH 
and usually a normal carbon dioxide content of the blood. Furthermore this could not be 
completely corrected by attempts to produce a respiratory alkalosis. A detailed acid- 
base study of the subsequent 30 cases demonstrated a metabolic acidosis which occurs 
during rewarming and is not detectable by blood CO, estimations. This has been de- 
scribed by Brewin and co-workers. 

This tendency to a metabolic acidosis during rewarming has been largely corrected 
by two changes in technique. Instead of maintaining alkaline blood pH during cooling it is 
kept within normal range throughout the procedure. On theoretical grounds it was felt that 
the alkalosis reduces available base so that the body is less able to cope with a rewarming 
metabolic acidosis. 

We have used a modified lytic cocktail technique with chlorpromazine. This would 
appear to maintain the peripheral circulation and more effectively controls shivering. 

These remarks are simply to emphasize the possible danger of relying on blood CO. 
studies as a control in hypothermia. 


DR. JOHN F. LEWIS (St. Paul, Minn.).—I enjoyed Dr. Spencer’s excellent presenta- 
tion, and I am convinced, at least from experimental work, that his suggestion of using 
coronary perfusion to extend the range of hypothermia is a sound one. However, I only 
wish to comment on the problem of CO, as Dr. Bigelow did. 
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Following some experimental evidence that I will not go into now, we decided to 
change Our respiratory technique after our first 33 patients who underwent repair of 
atrial septal defects during hypothermia, and we found that by changing we apparently 
had better results. 

In the first 33 patients we used a standard anesthesia machine with manual respira- 
tory support, and the pH would not remain constant. Frequently these patients were 
hypoventilated with oxygen at the lower temperatures and had elevated pH’s. Among these 
33, there were 11 instances of ventricular fibrillation. 

In the next 30 patients with atrial septal defects, we used 5 per cent carbon dioxide in 
oxygen given by an automatic respirator at a constant rate. They were hyperventilated at 
the lower temperature levels, but due to the 5 per cent CO, the pH was controlled usually 
at a level between 7.3 and 7.4. In these 30 patients, in whom respiratory alkalosis was 
avoided, there were only 2 instances of ventricular fibrillation. This is not, however, a 
well-controlled study as you can easily sense, for besides the addition of CO, we added an 
automatic respirator instead of the manual control. Furthermore, the second group of 
patients had deeper anesthesia than the first group. 

Some experimental evidence strongly suggested that the avoidance of respiratory 
alkalosis was also important in order to achieve levels of hypothermia below 10° C. with 
survival. Fatal arrhythmias are less frequent. I feel that this evidence is sound but 
there are still some confusing findings in these investigations. 

We went on to study the incidence of ventricular fibrillation caused by right ven- 
tricular cardiotomy in dogs at 26° C. with and without carbon dioxide, but always with 
an automatic respirator and similar levels of anesthesia. In these cases, the surgeon was 
not aware which animal had CO, and which did not, which I think is very important in 
experiments of this type. We could find no difference in ineidence of ventricular 
fibrillation. 


DR. SPENCER.—I should point out that this acidosis that we emphasized occurred 
in only one patient. This was present within 30 minutes after hypothermia was begun 
and before the chest was opened; so it was unrelated to circulatory occlusion. We were 
not doing our pH analyses at that time until after the operation was completed. This 
was a bizarre example, but as it resulted in our only fatality, I think it is good evidence 
for doing pH’s before you occlude the circulation. In all the other patients, there was no 
difficulty in controlling the pH by adjusting the rate of ventilation. It seems that a pH 
range of 7.35 to 7.55 was satisfactory. 
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EXTENSION OF THE LIMITS OF CARDIAC VIABILITY WITH TOTAL 
CORONARY OCCLUSION 


Watts R. Wess, M.D., Hector 8S. Howarp, M.D., JACKSON, Miss. 
(From the Department of Surgery, University of Mississippi School of Medicine) 


HE life span of myocardial tissue totally deprived of circulation has usually 

been regarded as limited to a few minutes due to the high intrinsic metabolic 
demands of this tissue. The results of temporary occlusion of various coronary 
arteries have indicated that persistent myocardial changes are obtained very 
quickly. Blumgart and co-workers’? found persistent electrocardiographic 
changes in dogs if the anterior descending branch of the left coronary artery 
was occluded for 15 minutes. Even at 10 minutes half of the animals showed 
electrocardiographie changes on subsequent postoperative days. In pathologic 
studies they found no gross evidence of myocardial infarction if the coronary 
artery was occluded less than 20 minutes. However, an infaret was demon- 
strable if oeclusion was greater than 25 minutes, and if as long as 45 minutes 
the results were the same as if the occlusion had been permanent. 

Tennant and Wiggers’ found that ventricular contraction, as measured 
by the myograph, did not return to normal if the regional coronary artery had 
been occluded 23 minutes or longer. Tennant, Grayzel, Sutherland, and 
Stringer’® found an increase in the lactic acid of the muscle deprived of cireula- 
tion but noted no myocardial anatomic changes until the vessel had been ligated 
for one-half hour. 

In experiments on total myocardial ischemia, Wesolowski and his asso- 
ciates'® found that the excised adult dog heart when anastomosed to another 
dog’s femoral vessels could be resuscitated to a normal sinus rhythm after 
ischemia for as long as 80 minutes. This heart, however, was not required to 
perform any work except to discharge its coronary flow. Other dogs were sub- 
jected to total body perfusion with a pump oxygenator for 30- and 60-minute 
periods during which the heart was excluded from the circulation. The bron- 
chial and other collateral blood flow to the lung returning through the pul- 
monary veins was aspirated by a catheter placed in the left atrium. This teeh- 
nique, however, would not totally exclude coronary circulation while the heart 
continued to beat—usually about 10 minutes. After 30 minutes of ocelusion, 
5 of 8 dogs died the first day. After 60 minutes of occlusion, 6 of 11 died the 
first day and of the total group there were only 4 long-term survivors. This - 
study would indicate that 30 minutes of total occlusion would be beyond the 
tolerance of the dog’s heart in most instances. 
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Reported clinical experience apparently is limited to that of Cooley and 
DeBakey*® who, in resecting the ascending aorta of a 50-year-old man, believed 
that they had the coronary orifices occluded for 31 minutes. The heart beat 
for 10 minutes of this period and then went into standstill. After resumption 
of coronary flow, ventricular fibrillation occurred. Following restoration of 
myocardial tone by cardiac massage, the heart was easily defibrillated without 
sequelae. 

It has usually been accepted that these periods represent the upper limits 
of cardiac viability in the absence of coronary flow because of irreversible de- 
generation of the myocardial tissue. However, Crowell and co-workers® * have 
demonstrated that innumerable small blood clots form in the circulatory system 
during acute circulatory arrest or even when the blood flow is depressed during 
periods of hypotension. Following resuscitation or restoration of normal flow, 
blood cannot course through these plugged capillaries and thus the deprived 
cells must eventually die though irreversible tissue changes have not necessarily 
oceurred during the brief period of arrest. In the absence of oxygen, the con- 
tinuing anaerobic metabolism produces lactic, carbonic, and perhaps other or- 
ganic acids. This progressive regional acidification causes coagulation of the 
blood in the affected capillaries. Prevention of this in vivo coagulation either 
by heparin or by activating a fibrinolytic system with streptokinase will con- 
siderably prolong the time a tissue may be deprived of normal cireulation.*® 
Thus they have been able to achieve total recovery of dogs—ineluding cerebral 
funetion—after 15 minutes of total cardiae arrest. Similarly, the mortality of 
so-called standard irreversible hemorrhagic shock was reduced from 93 per 
eent to only 4 per cent by the use of very large doses of heparin (10 mg. 
per kilogram). 


The following experiments were designed to study the effects of long 
periods of total coronary occlusion when all blood had been removed from the 
coronary vascular bed, thus obviating the possibility of small capillary throm- 
boses. 


METHODS 


First Series.—In the preliminary experiments healthy mongrel dogs weighing 5 to 7 
Kg. were subjected to a right thoracotomy under pentobarbital anesthesia. Respirations 
were maintained with an intermittent positive pump respirator through an endotracheal 
tube. The heart and great vessels and Jungs were isolated except for major attachments. 

In the control group the venae cavae were clamped and the heart and lungs were 
allowed to empty themselves of blood. The great vessels were then clamped and the heart 
and lungs were removed. After pneumonectomy was accomplished, the heart was attached 
to the neck vessels of a large recipient dog!2 by anastomosing the brachiocephalic artery 
to the distal end of the host carotid artery, the left pulmonary artery to the proximal end 
of the host jugular vein, and the left atrium to the proximal end of the host carotid artery 
(Fig. 1). 

In the experimental group, after inflow and outflow occlusion was accomplished, the 
hearts were perfused through a catheter in the right atrium with lactated Ringer’s solution, 
allowing the perfusate to empty through a stab.wound in one of the branches of the aorta. 
he perfusion was continued over a period of 5 to 10 minutes until the return was com- 
pletely clear. The heart was then dissected free and anastomosed as in the control group. 
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Circulation was restored after varying periods up to 90 minutes in both groups and 
the hearts were observed for (1) return of coordinated rhythm, (2) ability to bear the 
work load of emptying coronary flow, and (3) ability to withstand the work load imposed 
by the host carotid artery flow. 

Second Series.—Subsequent experiments were performed to judge the response of the 
heart to its usual work load. Larger dogs, averaging 12 Kg., were subjected to a sternum- 
splitting thoracotomy and the heart and lungs were prepared as for removal. To prevent 
the return of any collateral or bronchial circulation through the pulmonary veins, the heart, 
greit vessels, trachea, bronchi, and lungs were dissected completely free within the me- 
diastinum and from each other in so far as possible. All collateral circulation, including 
the bronchial arteries, was interrupted. To maintain the dog during the period of cardiac 
exclusion, catheters were inserted into the venae cavae through the femoral and jugular 
veins, into the aorta through the femoral artery and attached to a pump oxygenator modeled 
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Fig. 1.—Diagram of method of anastomosing heart to the recipient dog’s neck vessels. (Re- 
drawn from Marcus, Wong, and Luisada.’” 


after that of DeWall.9 During the period of total body perfusion, the blood pressure was 
maintained at approximately 90 mm. Hg, utilizing blood transfusions as necessary. Coils 
of the oxygenator were led through a warm bath to maintain a normal temperature. The 
cavae were occluded and after the heart had emptied itself of blood, a clamp was placed 
across the ascending aorta. Again, through the right atrium, lactated Ringer’s solution was 
perfused in quantities varying from 500 to 1,500 ¢.c. and was allowed to empty through 
a small incision made in the ascending aorta proximal to the clamp. 

After completion of the washout with lactated Ringer’s solution, the small incision in 
the ascending aorta was repaired. After a 90-minute period, the clamp was removed from 
the aorta and, as cardiac function returned, the clamps were removed from the superior 
and inferior venae cavae and the pump oxygenator was discontinued. 

Control experiments were done in exactly the same manner even with the initial per- 
fusion of lactated Ringer’s solution but collateral circulation was allowed to return via the 
bronchial circulation. 
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Electrocardiograms were recorded at intervals before, during, and after the operative 
period. Defibrillation was performed with serial shocks of 135 volts. Femoral arterial blood 
pressures were recorded by a mercury manometer. Heparin was neutralized with appropriate 
injections of protamine sulfate. 


OBSERVATIONS 


With perfusion of lactated Ringer’s solution, after the heart and lungs had 
been emptied of blood the color of the lungs became snow white while the color 
of the heart became translucent and pearl gray. The coronary arteries imme- 
diately became translucent but it required a rather prolonged period of per- 
fusion for the coronary veins to be completely emptied of blood. 

Contractions continued unchanged for 2 to 5 minutes, but then the heart 
gradually dilated and became flaccid. The rate of contractions slowed quite 
markedly and A-V dissociation often developed with the auricles and ventricles 
beating independently. The ventricles sometimes developed slow fibrillation, 
though the auricles never did. More frequently, however, after a period of 
approximately 10 minutes the ventricles completely stopped. The irritability 
of the heart became quite reduced so that the heart responded sluggishly, if at 
all, to a mechanical stimulus. 

The first major difficulty encountered in the series with the hearts per- 
fused in situ was due to a low flow rate of the pump oxygenator. It was 
found that the maintenance of a low blood pressure for a period of an hour 
and a half could not be tolerated by the dogs and even though the heart might 
be restored to function, the dogs were essentially dead because of peripheral 
circulatory failure. This maintenance of hypotension for 90 minutes actually 
closely approximates the standard preparations for irreversible shock.’® Sub- 
sequently this difficulty was eliminated by inereasing the flow to maintain an 
arterial pressure of approximately 90 mm. Hg. 

The next major problem was hemorrhage. A long sternum-splitting in- 
cision had been made and the aorta, heart, pulmonary artery, trachea, and 
lungs had been dissected completely free within the mediastinum. This left an 
extensive raw surface from which oozing was prone to oceur, particularly at 
the end of the total body perfusion. It was only after many adjustments and 
refinements on the pump oxygenator that this factor was controlled. 

Even though eardiae function could be restored, no long-term survivals 
were achieved beeause of the surprising finding that these dogs were unable 
to re-establish an adequate breathing pattern. Even though the dogs might be 
awakening, shivering, responding to painful stimuli, and having normal lid 
reflexes, there would be only gasping, completely abdominal attempts at respira- 
tion. If the respirator was stopped, inspiratory efforts soon ceased and artificial 
respiration was again required. This pattern continued for as long as any of 
the dogs were followed. To determine if total denervation of the lung might 
be the underlying difficulty, 3 dogs were subjected to the initial operative 
preparation completely dividing all mediastinal connections to the heart, trachea, 
und lungs but without the cardiae by-pass. Of these 3 animals, one maintained 
gasping, cyanotic existence for about 20 hours. The other 2 were unable to 
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Fig. 2.—Electrocardiogram (Lead II) showing effect of perfusion with lactated Ringer’s 
solution. Top, control. The middle line shows the changes 3 minutes after start of the 
infusion. The bottom line shows ventricular tachycardia from varying foci just prior to 
fibrillation 5 minutes after start of the infusion. 
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Fig. 3.—Electrocardiogram (Lead II) showing control above, and effect of total denerva- 
tion in the second line. The bottom lines are 30 minutes and 10 hours, respectively, after 
the 90-minute period of ischemia and perfusion with lactated Ringer’s solution. 
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resume self-sufficient respirations even temporarily. This occurred even though 
the phrenic nerves were preserved intact as proved by electrical and mechanical 
stimulation. Neptune and co-workers,’ reporting total heart-lung transplants 
in 3 dogs under hypothermia, describe the resumption of spontaneous respira- 
tion in one. We have been unable to find any studies on the effect of total 
denervation of the lungs. 


Electrocardiograms, as expected, showed all hearts to slow after denerva- 
tion. Perfusion with lactated Ringer’s solution produced an early A-V disso- 
ciation similar to that seen in simple coronary occlusion. Ventricular tachy- 
eardia and fibrillation might follow. Bundle branch block and marked slowing 
of conduction was noted routinely. Electrocardiograms after restoration of 
circulation again showed the most marked effect on the conduction system with 
A-V dissociation that usually disappeared within the first hour or two. Most 
developed a fairly normal electrocardiographie pattern. 


RESULTS 


First Series.—In the 3 control dogs the hearts, transplanted to the neck 
after 90 minutes of complete anoxia, developed fine fibrillation on restoration 
of coronary flow. However, none showed any return of cardiac tone and none 
could be resuscitated. In the 4 perfused hearts, fibrillation occurred with re- 
turn of coronary circulation but each heart developed good tone following the 
administration of calcium chloride. After defibrillation, each was able to main- 
tain the work load of its own coronary inflow and, in addition, the burden of 
the inflow of the host carotid vessel. 


Second Series.—In the second set of experiments with total inflow and out- 
flow occlusion of the hearts in situ, many technical errors were encountered dur- 
ing the conduction of the experiments both regarding the procedures and with 
the pump oxygenator. There were 18 technically successful experiments in 
which complete coronary occlusion was maintained for a 90-minute period 
(Table I). In the control group of 6 dogs, after the period of occlusion, all 
hearts improved in color and developed fine fibrillation. Only 3 of the hearts 
were able to return to a normal rhythm as the other 3 did not develop tone 
sufficient to be resuscitated. None was able to maintain the work load of 
the total cireulation once the pump oxygenator had been discontinued. One 
heart that was excluded from circulation for only 65 minutes did return to 
a coordinated cardiac rhythm and was able to maintain a normal blood pressure. 


TABLE I. ISOLATED HEART WITHOUT CORONARY CIRCULATION 
(90 Minute Series) 


| DOGS | NORMAL RHYTHM | WORK | SURVIVAL 
Control 6 3 0 0-% hr. 
Perfused 12 12 11 4-14 hr. 


The twelve perfused hearts, upon restoration of coronary flow, usually 
started with fine fibrillation though one started with a spontaneous coordinated 
rhythm. The tone at first was flaccid but improved with the injection of eal- 
‘tum chloride. After the tone had returned and the fibrillation had become 
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coarse instead of fine, the heart could be defibrillated with return of a strony 
coordinated rhythm. Again, in some there was an independent rhythm in 
the auricles and ventricles but after a few minutes to an hour, a sinus rhythm 
usually returned. Eleven were able to maintain a normal blood pressure anid 
one heart with recurrent fibrillations failed under the work load. In 2 of the 
11 dogs, recurrent fibrillation developed within the first 15 minutes but defibril- 
lation was again successful. In these animals, it was noted that large doses of 
ealeium chloride had been given which may have been partly responsible. The 
last 11 dogs survived from 15 minutes to 14 hours. The causes of death are 
shown in Table IT. 


TABLE II. PERFUSED ISOLATED HEART 
(90 Minute Series) 


CAUSES OF DEATH 


Hemorrhage 

Air embolus 
Overdistension of lungs 
Fibrillation (15 min.) 
Nonbreathing 


te 


DISCUSSION 

The above finding that a heart ean remain viable and functional for in- 
creased periods of time may eventually have clinical significance. Operations 
upon the heart, even with total body perfusion, have been limited by the neces- 
sity of maintaining coronary arterial flow for a procedure requiring more 
than a very brief period. At present this finding appears to be of little prae- 
tical value for hearts in situ, but it does make experimental cardiac transplan- 
tation feasible because it removes the previous limiting time factor. This time 
limit of viability of the unoxygenated myocardium is related in large part to 
the preservation of a patent capillary bed and not solely to the length of acute 
ischemia. Previous survival experiments have been more a measure of the 
time required for an irreparably damaging number of capillaries to be throm- 
bosed than a measure of the intrinsic tolerance of the myocardium to ischemia. 

Many workers in previous years utilized the principle of perfusing the 
blood from an organ and its vasculature to keep the vessels patent during a 
period of transplantation.* * 1° Carrel* in 1908, reported transplantation of 
a dog’s head with preservation of cerebral and bulbar function after interrup- 
tion of the circulation for 29 minutes. Carrel also removed one kidney from 
a dog, perfused it with Locke’s solution and reimplanted it. Later, the op- 
posite kidney was resected. One such animal in which the circulation of the 
autotransplanted kidney had been arrested for approximately 50 minutes sur- 
vived for 23 months. More recently, Murray and Holden™ found that if 
kidneys were heparinized, they could be devascularized for periods up to 24 
hours and again regain normal function. When the kidney was cooled to ap- 
proximately 4° C., longer intervals were possible. If, in addition, the kidney 
was irrigated thoroughly to remove all blood cells and protein, the survival time 
eould be prolonged to 5 hours. They found no injury from the irrigation with 
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saline. Muirhead and co-workers” irrigated the vasculature of the kidney with 
a heparinized saline solution and had exeellent results with homotransplants 
that had been ischemic for 20 to 40 minutes. 

The only previous similar work on the heart is an accidental observation 
by Marcus, Wong, and Luisada.'* Ordinarily, in their transplantation of a 
heart to the neck of another dog, coronary cireulation was maintained by shunts 
from a third dog. One heart which had been washed in tap water was re- 
implanted ‘‘just for practice’’ after 45 minutes and, to their amazement, re- 
turned to a strong coordinated beat. 


It remained, however, for Crowell to develop the theoretical basis for the 
formation of intravascular thromboses and their full significance. In addition 
to demonstrating the coagulating effect of the accumulating acids of anaerobic 
metabolism, he demonstrated the very rapid and marked development of a 
hypercoagulable state associated with any period of hypotension or circulatory 
failure. By retrograde perfusion of the lung and other organs he was able to 
remove and visualize multitudinous ecapillary-sized clots which had developed 
in as little as 3 to 5 minutes of circulatory arrest. This, of course, is the sludg- 
ing observed by Knisely" in a variety of disease states. 

Obviously a full evaluation of the ischemic heart must await a technique 
which will produce longer survivals. A heart that has been subjected to major 
trauma, whether ischemic, chemical, thermal, or surgical, is not necessarily 
safe from complications after a few hours. Arrhythmias, infaretion, and fail- 
ure have all been observed to occur many days after initial recovery from both 
elinieal and experimental cardiae procedures. 


CONCLUSIONS 


1. Perfusion of the coronary vessels to remove all blood and prevent intra- 
vascular clotting extends the period of time that the heart may remain viable 
without coronary circulation. 


2. Under the conditions of these experiments dog hearts may be without 
coronary circulation up to 90 minutes and resume the maintenance of a rest- 
ing cardiac work load. Control experiments demonstrate this to be consider- 
ably longer than if blood is allowed to remain and presumably clot within the 
coronary capillary bed. 


3. The time limits of viability of the unoxygenated myocardium are re- 
lated in large part to the preservation of a patent capillary bed and not solely 
to the length of acute ischemia. 

4. In the dog, total denervation of the heart and lungs is found ineom- 
patible with adequate respiration even if the phrenic nerves are intact. 
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AORTICOPULMONARY SEPTAL DEFECT: DIAGNOSIS AND 
SURGICAL TREATMENT 


Denton A. Cootey, M.D., Dan G. McNamara, M.D., AND 
JosEPH R. Latson, M.D., Houston, TEx. 


(From the Cora and Webb Mading Department of Surgery and the Department of Pediatrics, 
Baylor University College of Medicine, and the Cardiac Clinic, Texas Children’s Hospital) 


CONGENITAL defect of the aortic septum producing free communica- 

tion between the ascending aorta and adjacent main pulmonary artery 
is a rare anomaly often producing serious physiologic disturbance and is a mal- 
formation which provides a challenge both in clinical diagnosis and surgical 
treatment. Several descriptive terms have been suggested for this lesion in- 
cluding aorticopulmonary septal defect, aorticopulmonary fistula, aortic win- 
dow or fenestration, or variations of these terms. From a consideration of the 
embryologie origin of the defect, the term aorticopulmonary septal defect is 
perhaps the most satisfactory since there is close developmental similarity be- 
tween this lesion and intracardiac septal defects. Hektoen,’* in 1900, reported 
the first ease of aorticopulmonary septal defect in the American literature and 
collected 9 others. According to Dadds,® until 1949 only 11 eases had been 
reported. Abbott! mentioned 10 aorticopulmonary septal defects in her 1,000 
case analyses of congenital cardiac defects. With the recent increasing inter- 
est in surgical treatment of congenital heart disease and the emphasis upon 
accurate diagnosis of cardiac malformations, some 25 more eases have been 
recorded. 

Embryologically the aortic septum is formed between the fifth and eighth 
week of fetal life. Concomitant with this development, rotation of the heart 
occurs so that the aorta is placed to the left and posteriorly and the pulmonary 
artery is placed to the right and anteriorly. Defects ensue if there is inter- 
ference with fusion of the septa or if the heart rotates incompletely or not at 
all. The aortie septum, which separates the truneus arteriosus into aorta and 
pulmonary artery, fuses with the ventricular septum below bringing the bul- 
bus cordis into communication with the pulmonary artery and the left ventri- 
ele in continuity with the aorta. Thus, in this localized area of embryologic 
activity 3 types of defects may result: an interventricular septal defect, per- 
sistent truneus arteriosus, and aorticopulmonary septal defect. Differential 
diagnosis of these anomalies is therefore made difficult beeause of similar 
physiologic effects and by the proximity of anatomic location. 

Clinical diagnosis until 1949 was not made ante mortem in a single case,*® 
but since that time several reports of successful diagnosis have been made 
either by cardiac catheterization or retrograde aortography.” 12 Although the 
defects are often small and less than 1 em. in diameter, in many instances the 
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communication is very large measuring between 2 and 6 em. Cardiac enlarge. 
ment is almost uniformly present. Physical retardation is common and de- 
formity of the anterior chest wall occurs frequently. The murmur produce: 
by aorticopulmonary defect varies greatly from a loud continuous or machin- 
ery murmur to a soft systolic murmur, or sometimes no murmur is present. In 
many instances it is a loud basal systolic murmur located to the left of the 
sternum. As in many eases of patent ductus arteriosus with pulmonary hyper- 
tension, the expected continuous murmur is not demonstrated but only a sys- 
tolie murmur with accentuated, and usually widely split, pulmonary second 
sound present probably due to increased pulmonary arterial pressure. Indeed 
a diastolic murmur of functional pulmonary valvular insufficiency may be the 
only murmur audible, particularly if the pressures in the aorta and pulmonary 
arteries are equal and the shunt relatively small. Another finding of diag- 
nostie significance when present is a wide pulse pressure. 

Roentgenograms and fluoroscopy reveal cardiac enlargement and _ in- 
ereased pulmonary vascularity and often striking dilatation of the main pul- 
monary trunk. Eleetroeardiograms show left or combined left and right ven- 
tricular hypertrophy if pulmonary hypertension is present. 


a b 


Fig. 1.—Drawing showing possible course of cardiac catheter entering ascending aorta 
and innominate artery in case of aorticopulmonary septal defect (A) and entering descending 
thoracic aorta in case of patent ductus arteriosus (B). 


Cardiae catheterization may be the only means of making a definitive 
diagnosis in this anomaly and is of value in several ways. First, the course 
which the catheter takes is of importance. The catheter may enter the aorta 
from the pulmonary artery and ascend into the innominate artery (Fig. 1, A) 
or left common carotid artery.” This is an important diagnostic find- 
ing in distinguishing aorticopulmonary septal defect from patent ductus 
arteriosus since in the latter malformation when the catheter is passed through 
the ductus it readily enters the descending thoracic aorta rather than the 
aortic arch (Fig. 1, B). When the catheter enters the aorta during cardiac 
catheterization, the patient should be placed in a lateral position under fluoros- 
copy in order to determine whether the catheter lies in the ascending or 
descending aorta (Fig. 6, B). Blood oxygen saturation is elevated in the main 
pulmonary artery in both aorticopulmonary defect and patent ductus. In 
each instance, however, in the presence of pulmonary insufficiency the increase 
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in oxygen saturation may be detected in the outflow tract of the right ventri- 
cle. Sinee this finding may be noted also in ventricular septal defect and true 
truneus arteriosus, differentiation by means of the site of arterialization alone 
may be impossible. 


SWA 


ANTERIOR POSTERIOR 


Fig. 2.—Angiocardiograms (A and B) in patient, age 2 months, with aorticopulmonary 
septal defect showing possible presence of defect in (A) and reopacification of pulmonary 
artery in subsequent film (B). In C and D, retrograde aortography and explanatory diagram 
demonstrate the true nature of the anomaly with filling of the pulmonary artery from the 
anteriorly placed fistula. 


When the aorta cannot be catheterized from the pulmonary artery, dye 
arrival times using a suitable indicator such as Evans blue dye or methylene 
blue also may be helpful in differentiating aorticopulmonary defect from 
patent ductus. Forceful injection of dye through a catheter positioned in the 
pulmonary trunk just above the pulmonary valve will result in rapid appear- 
ance time of dye in the right brachial artery or right ear (fitted with an ear- 
piece) in aorticopulmonary defect. This is not observed in patent ductus since 
the dye passes down the descending thoracic aorta. 


—— 
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Angiocardiography is vf limited usefulness in the differential diagnosis 
of aorticopulmonary septal defects but may provide presumptive evidence 
(Fig. 2, A and 2, B). Failure to visualize well the pulmonary vessels distal to 
the bifureation of the main pulmonary trunk due to dilution of the contrast 
medium with shunted blood may indicate the presence of a communication at this 
point.*® Such a finding, however, may also occur with patent ductus arteriosus. 
Visualization of the main pulmonary trunk by the contrast medium and later 
visualization of the aorta eliminate the possibility of true truncus arteriosus. 
Reopacification of the pulmonary artery after the contrast medium has passed 
through the heart is common with many lesions which produce left-to-right 
vascular shunts and unfortunately is not diagnostic of the exact location of 
the shunt (Fig. 2, B). 


AORTA 


PULMONARY 
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Fig. 3.—Retrograde aortogram made in anterior-posterior projection in 4-month-old pa- 
tient demonstrating contrast medium in pulmonary artery, but position of patient prevents 
accurate interpretation of findings. 


Retrograde aortography is perhaps the most important diagnostie aid for 
aorticopulmonary defect.’* 7° In infants and children usually less than 2 
years of age we have performed retrograde aortography by inserting a small 
metal cannula in the left brachial artery under local anesthesia.®° Rapid in- 
jection of 30 per cent contrast solution, about 1 to 1.5 ¢.c. per kilogram body 
weight, is made into the artery and the course of the dye is followed with 
multiple roentgenograms using a Fairchild camera for multiple exposures. 
The patient is placed in a steep left anterior oblique position so that location 
of the point where the solution enters the pulmonary artery may be identified. 
In the oblique position the defect producing the aortic to pulmonary shunt 
may be clearly demonstrated (Fig. 2, C and 2, D). An aorticopulmonary sep- 
tal defect causes opacification of the pulmonary trunk above the pulmonary 
valves and the opacification originates anteriorly and proceeds posteriorly. 
Furthermore, the smooth inner curvature of the arch may be demonstrated 
eliminating the possibility of patent ductus arteriosus. In the anterior-poste- 
rior position opacification of the pulmonary artery may occur without reveal- 
ing the true nature of the anomaly (Fig. 3). Confusion of aorticopulmonary 
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ig. 4.—Aortogram in left anterior oblique position in same patient as Fig. 3 revealing per- 
sistent truncus arteriosus and enlarged semilunar valve sinuses. 
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Fig. 5.—Retrograde aortogram in 3-month-old patient with patent ductus arteriosus 
Gemonstrating opacification of the pulmonary artery from the posterior portion of the aortic 
rch. 
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septal defect with persistent truneus arteriosus may be difficult even under the 
best circumstances, but in truneus the enlarged semilunar valve sinuses of thie 
common outlet valve are frequently well outlined (Fig. 4). Retrograde aortog- 
raphy in patients with patent ductus arteriosus produces an opacification of the 
distal aortic arch and pulmonary artery (Fig. 5). In these cases either the 
ductus itself is demonstrated or the pulmonary artery is opacified posteriorly. 
Retrograde aortography is also useful in this age group particularly to elimi- 
nate the possibility of ventricular septal defect. Since ventricular defect is 
intracardiae and below the level of the aortie valves, visualization of the pul- 
monary artery would be almost impossible. 

‘Whereas clinical diagnosis of aorticopulmonary septal defect has been 
difficult, the technical problem of surgical closure of the defect has been an 
equal or even more challenging problem. Gross’ deserves credit for the first 
successful closure of an aorticopulmonary septal defect in 1948 although he 
considered himself fortunate in this ease since hemorrhage from the posterior 
side of the defect occurred just before a tape ligature was applied. The tape 
ligature controlled the hemorrhage completely. Similar cireumstances have 
occurred in other reported eases? and undoubtedly many unreported fatali- 
ties have occurred from uncontrolled hemorrhage. Several anatomic features 
of the lesion account for the technical problem of surgical repair. Among 
these features are the fact that the fistulous communication is not a ductal 
remnant as with patent ductus but a failure in development of the septal par- 
tition between 2 large and relatively high pressure vessels. Thus, attempts to 
occlude the opening with ligatures or to divide the fistula and repair the ends 
usually compromises the diameter of the aorta or pulmonary artery and tear- 
ing of these vessels may result. Frequently the posterior wall of the fistula is 
exceedingly thin, perhaps due to aneurysmal dilatation of the adjacent pulmo- 
nary artery, and dissection in this region is hazardous. In fact, spontaneous 
hemorrhage with fatal hemopericardium has been reported with perforation 
of the defeet occurring posteriorly.’* The presence of associated pulmonary 
hypertension also inereases the risk of the procedure because of the friability 
of the arterial wall which results. The difficulty in repair of this defect is evi- 
dent when one notes that only 5 out of 8 reported eases survived attempted 
surgical correction although all operations were performed by recognized 
eardiae surgeons (Table I). There is general agreement that division of the 
large short patent ductus is preferable to ligation in continuity because of the 
tendeney for ligatures to cut through the vessel walls with resulting hemor- 
rhage or subsequent recurrence of the shunt. Thus, Scott and Sabiston’s re- 
port’? of successful division and suture of an aorticopulmonary septal defect 
in a 10-month-old infant is commendable since this method provides maximum 
assurance of permanent closure of the shunt. For reasons already mentioned, 
this method when performed on the pulsating great vessels may be quite pre- 
earious. In Seott’s patient pulmonary arterial pressure was not ineluded in 
the report, but eardiae action was poor at times during the operation and pos- 
sibly the resulting hypotension facilitated the dissection and application of 
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oceluding clamps. Another successful case of this type was reported by 
Fletcher, DuShane, Kirklin, and Wood,'' but ventricular fibrillation occurred 
during dissection in their case also. 


TABLE I. REPORTED CASES OF SURGICAL TREATMENT OF AORTICOPULMONARY SEPTAL DEFECT 


DATE OF 
OPERA- AGE OF 
AUTHOR TION PATIENT METHOD RESULT 
. Gross13 1948 4 years Tape ligature Survived; defect 
closed 


. Vareo?1 1949 3 years Suture ligature Survived; persist- 
ent murmur 


. Seott, Sabiston!7 1950 18 months Died; hemorrhage 
during dissec- 
tion 


. Seott, Sabiston17 10 months Division and suture (cardiae Survived 
arrest ) 


. Bailey* 3, 10 12 years Through and through suture Died 2 hours later 


. Adams? 13 years Died during dis- 
section 


. Davis, Fell, Gasul, 1953 4 months Ligation Survived; persist- 
Dillon? ent murmur 


. Fletcher, DuShane, 1954 5 years Division and suture (ventric- Survived 
Kirklin, Wood11 ular fibrillation ) 


. Cooley, McNamara, 1956 4 years Division and suture (hypo- Survived 
Latson thermia ) 


. Cooley, McNamara, 1956 13 years Division and suture (eardio- Survived 
Latson pulmonary by-pass) 


. Cooley, MeNamara, 1956 3 years Division and suture, repair Survived 
Latson ventricular septal defect 
and pulmonary valvulot- 
omy (cardiopulmonary 
by-pass ) 
*Two additional cases reported of possible persistent truncus arteriosus with attempted 
surgical closure (1 lived, 1 died). 


Experimental efforts to solve the technical problem of surgical repair of 
aorticopulmonary septal defect have provided interesting and significant ob- 
servations. Seott and Sabiston’™’ created defects in animals by side-to-side 
aorticopulmonary anastomosis and later attempted surgical repair. Only 
dogs with fistulas less than 6 mm. in diameter survived more than 10 days. At 
subsequent operation on 12 surviving dogs, in only 5 was division and suture 
of the defeet possible; the remainder of the animals died from hemorrhage. 
Of course, the nature of such experimentally produced communications oper- 
ated upon between 1 and 3 months after the initial procedure increased the 
hazard, but the disadvantages of this method of repair were emphasized. Us- 
ing the same method of produeing experimental aorticopulmonary fistulas, 
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Shumway and Lewis’® attempted surgical repair under hypothermia using a 
transarterial approach through the pulmonary artery. Hypothermia and tie 
transarterial technique facilitated the repair but ventricular fibrillation was 
a complication in 50 per cent of the animals. 


Recently we have operated upon 3 patients with aorticopulmonary sepial 
defects in which surgical repair with division and suture was successful using 
hypothermia in 1 and cardiopulmonary by-pass in 2. 


CASE REPORTS 


CasE 1.—L. E., a 4-year-old white boy, was admitted to the hospital Feb. 21, 1956, with 
a history of cardiac palpitation and a diagnosis of congenital heart disease. He was active 
physically and had developed normally. 


B. 


Fig. 6.—Roentgenograms of chest in Case 1 in posteroanterior projections. In A, cardiac 
enlargement and increased pulmonary vascular markings are evident. In B, a cardiac catheter 
was passed through the defect around the aortic arch, but since a lateral projection was not 
obtained, an erroneous diagnosis of patent ductus arteriosus was made. 


Physical examination revealed a healthy-appearing boy without cyanosis. Blood 
pressure in the arms was 90/30 mm. Hg, and there was a collapsing type pulse. The heart 
was enlarged and precordial thrill and Grade III systolic murmur were present, maximal 
in the left third and fourth intercostal spaces. The pulmonary second sound was accen- 
tuated and split and a diastolic gallop was heard at the cardiac apex. 

Roentgenograms and fluoroscopy of the chest revealed cardiac enlargement and in- 
creased pulmonary vascular markings (Fig. 6, 4). Electrocardiogram showed evidence of 
left ventricular hypertrophy of the diastolic overloading type. 

At eardiac catheterization done 3 months previously the catheter was passed into the 
aorta through an aorticopulmonary communication, but since lateral views were not made 
it was erroneously presumed that the catheter had entered a patent ductus arteriosus (Fig. 
6, B). Other results of catheterization are shown in Table II. These findings were inter- 
preted to be indicative of a large patent ductus arteriosus, pulmonary hypertension, with 
left-to-right shunt and no right-to-left shunt. 


: 
a 
| 


AORTICOPULMONARY SEPTAL DEFECT 


TABLE II 


SAMPLE PRESSURE (MM. Hg) OXYGEN SATURATION (%) 


Left pulmonary artery 125/65 84 
Main pulmonary artery 110/65 85 
Right ventricle (out) 100/5 72 
Right ventricle (mid) 105/5 72 
Right ventricle (in) 93/5 74 
Right atrium (mid) 12/6 74 
Superior vena cava 8/4 78 
Abdominal aorta 120/65 96 


Operation was performed May 28, 1956, through a left third intercostal space incision 
anteriorly. Dissection in the mediastinum revealed that the ductus was completely obliterated 
and only a ligamentum arteriosum remained which was divided. The pericardium was in- 
cised and a typical aorticopulmonary septal defect measuring 3 em. in diameter was re- 
vealed (Fig. 7). The communication originated just above the pulmonic and aortic valves. 
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Fig. 7.—Photograph made at operation in Case 1 showing aorticopulmonary septal defect 
measuring 3 cm. in diameter. 


Since the tension in the pulmonary artery was extreme and the communicating channel 
quite short, it was considered hazardous to attempt division and suture of the defect with- 
out cardiac inflow occlusion. Therefore, the pericardial and thoracotomy incisions were 
closed loosely, and the patient was placed in a tub containing ice and water. 

After 20 minutes in the tub the patient’s body temperature decreased from 98 to 92° 
F. and he was removed from the tub and again placed on the operating table. The left 
thoracotomy incision was reopened and extended across the sternum into the right fourth 
intereostal space. The superior and inferior venae cavae were encircled with tape tourni- 
quets. Tape tourniquets were also carefully placed around the main pulmonary trunk 
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Fig. 8.—Drawing showing method of repair used in Cases 1 and 2 with tangentially placed 
clamp on aortic side of the defect. 
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Fig. 9.—Photograph made at operation in Case 1 showing suture lines on ascending aorta and 
pulmonary artery after division of the defect. 
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proximal to the defect and the right and left pulmonary arteries (Fig. 8). As the posterior 
dissection was being performed, a sudden hemorrhage occurred and vena caval inflow was 
quickly occluded. The aortic end of the fistula was occluded with a curved Potts clamp 
and the 3 tourniquet tapes on the pulmonary artery were tightened (Fig. 8). The fistula 
was divided and the opening on the pulmonary arterial end was oversewed with a double 
row of continuous 5-0 arterial silk. After 6 minutes of inflow occlusion the tapes on the 
eavae were released. Ventricular fibrillation ensued shortly thereafter and a few air bub- 
bles were visible in the coronary arteries. Cardiac massage was performed with a clamp 
placed temporarily across the ascending aorta to force the air through the coronary arteries. 
The clamp was released and dilute epinephrine was injected into the heart to improve car- 
diac tone. Several electric shocks were delivered to the heart, and finally, after one pro- 
longed shock which produced searing of the myocardium, a sinus rhythm with satisfactory 
cardiac action was restored after more than 15 minutes of attempts at cardiac resuscitation. 


The aortic end of the fistula which was still secured in the curved Potts clamp was 
then oversewed in a manner similar to the closure of the pulmonary end (Fig. 9). When 
the operation was completed, the patient’s body temperature was 83° F. Rewarming was 
accomplished in a warm water bath during the next hour. The patient made a full recovery 
from operation and is now apparently normal in every respect. 


Comment: The presence of aorticopulmonary defect in this patient was not recognized 
until after exploratory thoracotomy when it appeared that a method using cardiac inflow 
stasis would be necessary in safe performance of the repair. Since severe hemorrhage 
actually occurred subsequently during dissection of the fistula, this decision proved to be 
lifesaving. General body hypothermia in this instance provided a convenient method of 
accomplishing the surgical repair whereas use of temporary extracorporeal circulation for 
temporary cardiopulmonary by-pass, which requires rather extensive preparations including 
collection of fresh heparinized blood, would have required that repair of the defect be 
deferred until a later date. Some of the most serious limitations of operation under hypo- 
thermie conditions were well demonstrated since the patient developed coronary air em- 
bolism and ventricular fibrillation after the 6-minute period of inflow occlusion. Fortu- 
nately cardiac resuscitation was possible and undoubtedly the hypothermia prevented neu- 
rologie complications. 


CasE 2.—M. F., a 13-year-old white boy, was admitted to the hospital on Nov. 10, 1954, 
for evaluation of a congenital cardiae defect. On several occasions he had experienced 
spells during which he had become quite pale with evident cyanosis of the lips following 
exercise. 

Physical examination revealed a poorly nourished, alert youngster without cyanosis. 
Blood pressure in the arms was 100/60 mm. Hg. The precordium was prominent and the 
right ventricle was overaccessible. A Grade I systolic murmur was present at the pulmonic 
region and pulmonie second sound was greatly accentuated. A diastolic gallop rhythm was 
audible at the apex. Roentgenograms of the chest revealed cardiac enlargement and a 
dilated main pulmonary artery with increased pulmonary vascular markings with relatively 
small peripheral pulmonary vessels (Fig. 10). A vigorously pulsating main pulmonary 
artery with hilar dance was evident on fluoroscopy. 

Cardiac catheterization was performed on Noy. 24, 1954. The results are shown in 
Table III. 


TABLE IIT 


SAMPLE PRESSURE (MM. Hg) | OXYGEN CONTENT (VOL. % ) 
Right pulmonary artery 98/60 17.2 
Main pulmonary artery 92/60 13.6 
Right ventricle (out) 88/0 11.0 
Right ventricle (in) 80/0 10.5 
Right atrium (mid) 7/3 10.6 
Superior vena cava 5/3 10.3 
Femoral artery 110/49 16.4 
Oxygen capacity 17.6 
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Subsequent angiocardiogram failed to reveal the true nature of the lesion and a dia.- 
nosis of Eisenmenger’s complex with high ventricular septal defect and pulmonary hyper- 
tension was made. 

Ono year later the patient was studied by Dr. Earl H. Wood* who found at cardixe 
catheterization a pulmonary artery pressure 108/72 mm. Hg and aortic pressure 112/70 
mm, Hg. Femoral arterial oxygen saturation with the patient breathing room air was 86 
per cent. Dye curves were recorded after injection of 5 mg. T-1824 into the right pulmo- 
nary artery, pulmonary artery, pulmonary trunk, and right ventricle with the patient 
breathing room air and after injection of methylene blue into the superior vena cava and 
right ventricular outflow tract with the patient breathing 100 per cent oxygen. These 
studies revealed a right-to-left intracardiac shunt occurring altogether at the pulmonary 
artery level. A diagnosis of aorticopulmonary septal defect was made with increased vascu- 
lar resistance producing a right-to-left shunt slightly greater than the left-to-right while 
the patient breathed room air, but on breathing 100 per cent oxygen the left-to-right Shunt 
predominated 48 per cent to 18 per cent. Operation was not recommended at that time 
and the patient was again admitted to Texas Children’s Hospital on June 11, 1956, because 
of progression of symptoms. 


A. 


Fig. 10.—Roentgenograms of chest in posteroanterior and lateral projections in Case 2 
showing cardiac enlargement, a dilated main pulmonary artery, and relatively avascular 
peripheral lung fields. 


Thoracotomy was performed on June 13, 1956, through a bilateral anterior approach 
entering the right fourth intercostal space and the left third space transecting the sternum. 
The pericardium was opened and a large aorticopulmonary septal defect was demonstrated 
measuring 5 em. in diameter (Fig. 11). No further dissection of the fistula was made un- 
til preparations for cardiopulmonary by-pass were completed. A modified DeWall-Lilleheis 
bubble-type oxygenator was used with Sigmamotor pumps and total flow rate of 1,000 c.c. 
per minute (35 ¢.c. per kilogram body weight). The superior and inferior venae cavae 
were cannulated for venous outflow and the left subclavian artery for arterial return. 
Heparin, 50 mg. (1.5 mg. per kilogram body weight), was administered intravenously. 


*Mayo Clinic, Rochester, Minn. 
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Fig. 11.—Photograph made at operation in Case 2 showing large aorticopulmonary septal 
defect measuring 5 cm. in diameter. 


SUTURE 
LINE 


PULMONARY ARTERY 


Fig. 12.—Photograph made at operation in Case 2 showing extensive suture line on pulmonary 
artery with moderate constriction after division and suture of the defect. 
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Cardiopulmonary by-pass was commenced and dissection of the fistula was complet: 
quickly and without difficulty. A curved Potts clamp was used to close the aortie end \f 
the defect and the fistula was incised leaving an adequate cuff of aortic tissue to preve.tt 
slipping of the clamp (Fig. 8). The opening in the pulmonary artery was repaired with a 
double row of continuous 5-0 arterial silk sutures; the suture line extended well up on tie 
right main pulmonary artery (Fig. 12). Proximally the suture line extended to the level 
of the pulmonary valve causing moderate constriction of the artery at this point without 
significant obstruction to right ventricular outflow. The vena caval tapes were released 
and cardiac action resumed normally although systole had never been interrupted. The 
period of caval occlusion and dependence upon the pump oxygenator was 11 minutes 30 
seconds. The aortic end of the fistula which was still in the curved clamp was repaired 
with continuous sutures and the clamp was removed (Fig. 12). No bleeding occurred at 
the suture lines and protamine sulfate, 50 mg., was administered to counteract the heparin 
effect. The venous and arterial cannulae were removed repairing the auricular appendage 
and subelavian artery. 

Recovery from operation was prolonged due to persistent pulmonary hypertension 
producing right ventricular decompensation mainfested by cardiac enlargement and hepato- 
megaly. Intensive treatment with digitalis and constant oxygen administration led to 
gradual improvement, and he was discharged from the hospital 25 days later. 

The subsequent course of the patient has been one of gradual general improvement. 
In spite of daily maintenance doses of digitalis, cardiac size has not improved signifi- 
eantly since discharge from the hospital. A Graham-Steele murmur of pulmonary insuffi- 
ciency is present and the pulmonic second sound is still accentuated. Electrocardiograms 
show right and left ventricular hypertrophy, but the left hypertrophy was less pronounced 
than on the previous tracing. Cardiac catheterization has been deferred until a later date. 


Comment: Diagnosis of aorticopulmonary septal defect was made in this patient prior 
to operation and preparation for temporary cardiopulmonary by-pass was made. The 5 em. 
defect was repaired without difficulty or technical complication during a period of less than 
12 minutes of by-pass. A defect of this size accompanied by pulmonary hypertension un- 
doubtedly requires application of some method which temporarily interrupts the function 
of the ascending aorta and pulmonary artery, and in our opinion temporary extracorporeal 
circulation with a pump oxygenator provides the widest margin of safety. 


CasE 3.—P. G., a 3-year-old white girl, was admitted to the hospital on Sept. 16, 1956, 
with a history of growth failure, delayed motor development, susceptibility to respiratory 
infection, exercise intolerance with exertional dyspnea, and slight cyanosis. She was pre- 
mature at birth with cleft palate and coloboma iridis. At 22 months of age a retrograde 
aortogram demonstrated only the distal half of the aortic arch and eliminated the possi- 
bility of patent ductus arteriosus. Further studies were deferred until the present admission. 


Physical examination revealed an extremely underdeveloped, poorly nourished child 
weighing slightly less than 17 pounds (7.7 Kg.). Blood pressure in the right arm was 
95/45 mm. Hg. The heart was enlarged and a palpable thrill was present along the left 
sternal border accompanying a harsh systolic murmur. The pulmonic second sound was 
accentuated. At the cardiac apex a diastolic gallop was audible. 


Roentgenograms and fluoroscopy revealed cardiac enlargement both left and right 
ventricular and increased pulmonary vascularity (Fig. 13). Electroecardiograms showed 
left axis deviation, right bundle branch block, and right ventricular hypertrophy. 

Cardiac catheterization was done Aug. 29, 1956, and revealed the results shown in 
Table IV. These findings were consistent with a diagnosis of ventricular septal defect 
with no evidence of right-to-left shunt using an Evans blue dye dilution test in spite of 
the peripheral arterial oxygen unsaturation. 

On Sept. 20, 1956, a bilateral fourth intercostal space incision was made transecting tlhe 
sternum and the pericardium was opened. ‘The aorta was at least twice the diameter of 
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TABLE IV 


SAMPLE PRESSURE (MM. Hg) OXYGEN SATURATION (%) 


Right pulmonary artery 62/32 89 
Main pulmonary artery 68/36 89 
Right ventricle (out) 65/0 85 
Right ventricle (mid) 66/4 79 
Right ventricle (in) 65/3 75 
Right atrium (mid) 2 71 
Superior vena cava 2 76 
Femoral artery 88/36 89 


the pulmonary artery and appeared to override the ventricular septum (Fig. 13). An 
aorticopulmonary septal defect 2 em. in diameter was present located just distal to the 
pulmonary valves, Pressure in the pulmonary artery was 80/33 mm. Hg, in the right ven- 
tricle 82/0, and in the aortie arch 80/33. The aortic arch descended on the right. 


B. 
Fig. 13.—Roentgenograms of the chest in Case 3 showing cardiac enlargement and increased 
pulmonary vascular markings. 

Preparations for cardiopulmonary by-pass were made using a DeWall-Lillehei bubble 
oxygenator and Sigmamotor pump. The superior and inferior venae cavae were cannulated 
for venous outflow; the right common femoral artery was cannulated for arterial return, 
and a total flow of 270 ¢c.c. (35 ¢.c. per kilogram body weight) was used. Heparin, 12 mg. 
(1.5 mg. per kilogram body weight), was administered intravenously prior to the by-pass. 

When the total body perfusion was begun and inflow occlusion obtained, the ascend- 
ing aorta proximal to the aorticopulmonary defect was occluded and cardiac arrest was in- 
duced by injecting 30 ¢.c. of potassium citrate 4 per cent solution into the root of the oc- 
cluied ascending aorta proximal to the aorticopulmonary defect. Tourniquet tapes were 
then closed about the aorta distal to the aortic defect and about the right and left main 
pulmonary arteries (Fig. 14). A right ventriculotomy incision was made into the flaccid 
heart and the large ventricular septal defect measuring 3 em, in diameter was exposed 
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(Fig. 15). The cusps of the aortic valve were easily demonstrated because of the dextro- 
position of the aorta. The ventricular septal defect was closed with a patch of Ivaton 
polyvinyl sponge 4 mm. thick and maintained with multiple interrupted silk sutures (lig. 
15, A and 15, B). The pulmonary valvular cusps were discovered to be fused together and the 
effective orifice was approximately 1 em. in diameter, The ventriculotomy incision was there- 
fore extended upward into the pulmonary artery and the valvular commissures were 
divided. The ventriculoarteriotomy incision was repaired with a continuous silk suture 
(Fig. 16). The aorticopulmonary fistula was next divided without using tangential clamps 
on the vessels and the openings in the aorta and pulmonary artery were repaired with a 
double row of continuous arterial sutures (Fig. 16 inset). 


Finderson 


Fig. 14.—Drawing of heart in Case 3 showing large overriding aorta and small pul- 
monary artery and aorticopulmonary septal defect measuring 2 cm. in diameter. Tourniquets 
are placed on the aorta and pulmonary arteries for control at various stages of repair during 
cardiopulmonary by-pass. 


As the clamps on the aorta and pulmonary artery were released, a brief period of 
ventricular fibrillation ensued. This reverted to sinus rhythm spontaneously after about 
one minute of coronary perfusion from the pump oxygenator and vigorous cardiae action 
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returned, The period of total dependence upon the pump oxygenator was 42 minutes. 
Bleeding was not excessive and protamine sulfate (12 mg.) was administered to counteract 
the heparin effect. 

Recovery from operation was satisfactory, and she was discharged from the hospital 
on Oet. 2, 1956. At follow-up examination 3 months later she showed definite signs of im- 


provement with increased exercise tolerance. 


Fig. 15.—Drawing of heart at operation in Case 3 showing findings typical of tetralogy 
of Fallot. Repair of the ventricular septal defect was performed using a patch of polyvinyl 
(Ivalon) sponge. In A and B, the ventriculotomy incision has been extended into the pul- 
monary artery and the fused pulmonary commissures are divided. 


Comment: Diagnosis of aorticopulmonary septal defect in this patient was made at 
thoracotomy, but fortunately preparations had already been made for cardiopulmonary by- 
pass since the patient had been considered to have a ventricular septal defect. The method 
of repair using induced cardiac arrest with potassium citrate provided optimum conditions 
for repair of the aorticopulmonary septal defect as well as the ventricular septal defect 
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and pulmonic stenosis. The margin of safety under these circumstances is well demun- 
strated by the repair of a coexistent tetralogy of Fallot; the total procedure required 42 
minutes. Transient ventricular fibrillation occurred probably due to coronary air eni\o- 
lism, but as is frequently true with extracorporeal circulation, the air was perfused through 
the coronary system and cardiac action resumed spontaneously. 


Fig. 16.—Drawing of heart at operation in Case 3 showing repair of ventriculoarteriotomy 
ge Inset drawing shows method used for division and suture of aorticopulmonary septal 
efect. 


DISCUSSION 


The experience with these 3 patients with aorticopulmonary septal defect 
leads us to believe that temporary cardiopulmonary by-pass with induced 
cardiac arrest is the method of choice for surgical repair of this lesion. Pre- 
vious experience with temporary occlusion of the ascending aorta for periods 
up to one hour for resection of aortic aneurysm and replacement by graft have 
demonstrated that induced cardiac arrest is not necessary to maintain myo- 
eardial viability.*.° Nevertheless, induced cardiac arrest is useful in repair 
of aorticopulmonary septal defects in reducing the pressure in the proximal 
aortic segment and in completely eliminating left ventricular outflow when 
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both aortic and pulmonary openings are being repaired without tangential 
clamps. Induced cardiac arrest for ascending aortotomy in repair of other 
lesions, particularly aortic stenosis and insufficiency, has proved to be quite 
useful and relatively safe.° 

SUMMARY 


Aorticopulmonary septal defect is a rare congenital anomaly which is 
difficult to recognize clinically and in which surgical repair often presents a 
technical problem. 

Diagnosis may be suspected on elinieal findings, but unequivocal diagnosis 
can only be made at ecardiae catheterization by threading a catheter through 
the defect into the ascending aorta or visualization of the defect by retrograde 
aortography. 


Surgical repair has been previously done successfully without interrupt- 
ing cardiac function, but the procedure was almost uniformly complicated. 
Three eases of aorticopulmonary septal defect are described with successful 
repair using general body hypothermia in one patient and temporary cardio- 
pulmonary by-pass in 2. Induced cardiae arrest with cardiopulmonary by-pass 
seems to provide optimum conditions for surgical repair of this defect. 
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DISCUSSION 


DR. HARRIS B. SHUMACKER, JR. (Indianapolis, Ind.)—I would like to ask Dr, 
Cooley whether in his survey of the literature he has often encountered an anomalous ori- 
gin of the main coronary artery from the point of communication between the aorta and 
the pulmonary artery. I ask this question because several years ago we encountered an un- 
derdeveloped infant who had such a lesion. A very large coronary artery came off the 
caudal surface of the duct between the aorta and the pulmonary artery. This procedure 
was done before the days of the artificial heart-lung apparatus. Obviously the lesion could 
have been repaired much better with such aid. I was unable to place 2 clamps across the 
pulmonary side of the communication without encroaching upon the coronary artery and 
every time we occluded the coronary artery we induced very alarming electrocardiographie 
changes. We therefore had to content ourselves with a simple double ligation of the pul- 
monary artery side of the communication. We were fearful, of course, that recurrences 
’ would take place, and a few days after operation a continuous murmur was audible. How- 
ever, the communication fortunately must be very small, for the very large heart rapidly 
became smaller in size and the child began to grow well. He has remained well since then, 
though he still has a murmur indicative of a small aortic pulmonary communication. 


DR. H. WILLIAM SCOTT, JR. (Nashville, Tenn.)—I think Dr. Cooley is quite right 
to emphasize the difficulty of diagnostie accuracy in this type of problem. I am afraid 
that despite his demonstration showing the direction that the catheter takes through the 
defect as a differential diagnostic step that probably most of these defects are going to con- 
tinue to be seen predominantly under the guise of another lesion. In other words, we are 
probably going to see most of these at operation with the preoperative diagnosis of patent 
ductus having been made, and I wonder then if the proper procedure is to try to do them 
all with a pump oxygenator as Dr. Cooley has suggested. 

(Slide.) Here is a sketch of the method which Dr. Sabiston and I were attempting 
to use about 5 or 6 years ago; this is essentially the same technique of division and suture 
that Dr. Gross has used so successfully in dividing a patent ductus. 

Dr. Cooley has pointed out that this is a window-like defect. It is not a duet, and 
in our procedure we attempted to steal a cuff of tissue from the aorta on the one hand 
and from the pulmonary artery on the other with curved Potts clamps and then divided 
the fistula between clamps and sutured each cuff. 

Since this first case which was treated by division and suture, there have been 2 
subsequent cases that we have had an opportunity to treat in this way. One of these was 
successful and did not have an arrest during operation. The other, unfortunately, did have 
a period of cardiac arrest which lasted only about 3 minutes. The heart was resuscitated 
promptly, and the defect was closed completely but, unfortunately, the child sustained 
severe brain damage and died in a respirator about 48 hours later. 

Dr. Rollin Daniel has had an opportunity to divide an acquired aorticopulmonary 
fistula resulting from a gunshot wound of the chest in an adult, and he used this technique 
of division and suture to close it with success. 

I think Dr. Cooley’s method, using the pump-oxygenator and potassium arrest, is cer- 
tainly a commendable one, but I wonder if it is to be the only answer to a lesion which perhaps 
one is going to encounter when the pump oxygenator is not in readiness? 

Probably my question only points up the need for accuracy in diagnosis and then ade- 
quate preparation for handling such a lesion. 


DR. COOLEY.—As Dr. Shumacker points out, the posterior dissection close to the 
semilunar valves is critical and usually the source of hemorrhage when difficulty arises. 
Because of this the complete dissection of a large defect may be done after the cardiopul- 
monary by-pass is operating to avoid this danger. 
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CLOSED TRANSVENTRICULAR VALVULOTOMY FOR 
PULMONIC STENOSIS 


DESCRIPTION OF A NEW VALVULOTOME AND RESULTS BASED ON 
PRESSURES DURING OPERATION 
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G. H. Humpureys II, M.D., New York, N. Y. 


(From the Departments of Surgery and Medicine, College of Physicians and Surgeons, 
Columbia University and the Surgical and Medical Services, Presbyterian Hospital) 


7 two accepted procedures for surgical correction of valvular pulmonic 
stenosis are the closed transventricular method first reported by Sellors’* 
and Brock® and modified by Potts’ 12 and the open procedure performed un- 
der hypothermia as suggested by Swan.?® It is generally conceded that the 
adequacy of valvulotomy may be judged by the postoperative change in the 
blood pressure gradient between the right ventricle and pulmonary artery. 
In this report we should like to present a new valvulotome and dilator for the 
closed transventricular technique and examine the results achieved by its use 
when guided by pressures recorded during the operation. We will also sug- 
. gest an explanation for the late postoperative improvement seen in some patients. 


THE INSTRUMENT AND ITS APPLICATION 


Johnson’s* mention of the use of a Bailey mitral knife for incision of a pul- 
monie valve that would not yield to the standard Potts type knife led us to the 
trial in dogs of a Doubilet® sphineter of Oddi sphincterotome for this purpose. 
Following preliminary experience a punch, rather than the scissors type, in- 
strument was deemed preferable. The new apparatus is shown in Fig. 1.* It 
is designed to remove a long, narrow piece of tissue and the eutting blade is 
shaped so that the tip engages before the rest of the blade. In this way tissue 
is not pushed out of the instrument as it closes. The instrument swivels on a 
‘universal’? handle through 360 degrees and so ean be placed appropriately 
to cut in any direction while keeping the handle in a comfortable position. 


In practice, the tool is passed into the pulmonary artery and then opened. 
The position of the open blade is verified by external palpation through the 
intact wall of the pulmonary artery; the tool, with open blade, is then grad- 
ually withdrawn to engage the valve. If the instrument is inadvertently with- 
drawn too far, a piece of the pulmonary artery may be excised as illustrated in 
Fig. 2, Only the lateral parts of the valve should be divided, since an incision 
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posteriorly cannot be seen or controlled. When the valvulotome has e>m- 
pletely closed about the tissue, it should once again be advanced into the pul- 
monary artery before final withdrawal into the ventricle; this sequence instires 
that all tissue engaged by the knife is free for removal. 


Fig. 1.—Valvulotome, closed above, open below. White cutout in black area shows size and 
shape punch that the instrument removes. 


~~ 
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Fig. 2.—Perforation of base of pulmonary artery during valvulotomy. 


EVALUATION OF SURGICAL PROCEDURE 


Our present method is as follows. A left anterior transthoracic intercostal 
space incision is used. Before manipulation of the valve, the degree of stenosis 
is verified by blood pressure records taken through needles placed in the main 
pulmonary artery and right ventricle. The tracings are displayed at equal 
degrees of amplification on the oscilloseopie screen; this facilitates the direct 
estimation of the pressure difference across the valve during surgery. The 
oscilloscopie record is also photographed for reference as illustrated in Fig. 8. 
A hollow small size probe (Fig. 3)* is then passed into the right ventricle and 
pressures are recorded as the instrument enters and is withdrawn from the 
pulmonary artery. This provides pulmonary artery and right venticular 
pressure pulses in sequence rather than in superposition. An interventricular 
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septal defect may be demonstrated by passage of the probe through it. After 
control pressures have been recorded, the valvulotome is passed into the pul- 
monary artery and a lateral incision is made. The instrument is withdrawn 
and the specimen obtained is removed. The opposite side of the valve is simi- 
larly treated. The probe is now reintroduced. If the pressure gradient be- 
tween right ventricle and pulmonary artery is less than 20 mm. Hg, the wound 
in the ventricle is closed; if a gradient of more than 20 mm. Hg is present a 
Crump dilator (Fig. 4)* is passed through the right ventriculotomy and opened 
in the valve area to demonstrate that no valvular stenosis remains. With this 
maneuver one may feel a ‘‘give’’ as the instrument is opened to its widest. 
After closure of the ventriculotomy, blood pressures are again recorded by 
direct puncture of the pulmonary artery and right venticle. 


Fig. 3.—Small size hollow probe. 


Fig. 4.—Crump dilator, closed above, open below. 


RESULTS 


The results obtained from the application of these instruments to 8 con- 
secutive patients with pulmonic stenosis and intact interventricular septum 
are listed in Table I. The patients are listed in order of increasing right ven- 
tricular pressures. 

Seven patients survived. In 4 of these, the final blood pressure gradient 
between the right ventricle and pulmonary artery was less than 20 mm. Hg. 
In 2, it was less than 40 mm. Hg. In one patient with an infundibular dia- 
phragm type stenosis there was no change. 


*Made by Codman & Shurtleff, Boston, Mass. 
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TABLE I. BLoop PRESSURES IN RIGHT VENTRICLE AND PULMONARY ARTERY PRIOR TO, DURI\«, 
AND FOLLOWING VALVULOTOMY FOR PULMONIC STENOSIS 


AT OPERATION 
PREOPERATIVE INITIAL BY PROBE FINAL POSTOPERATIYV} 
CATHETERIZA- NEEDLE AFTER USE OF NEEDLE CATILETERIZATION 
AGE, TION PUNCTURE VALVULOTOME PUNCTURE | WEEK l 
SEX RV | PA RV | RV | PA PO RV | PA 
J.B. 170 15 100 7 
11-M ‘10 10° 


M.L, 165 20 110 
4-F 10 


160 180 

5 

N.K. 160 120 
5-M 10 


A. G. 110 
24-F 8 
vT. 80 
16-M 0 
Ss. B. 70 
6-M 
M. B. 60 
5-F ‘11 
All blood pressures in mm. He. 


*During systemic hypotension. 
blood pressure. 


The first patient in the table (J. B.) died during operation. The history, 
physical findings, and electrocardiogram were characteristic of severe pul- 
monie stenosis. The electrocardiogram showed a marked right ventricular 
hypertrophy pattern. The angiocardiogram (Fig. 5) was interpreted as dem- 
onstrating infundibular pulmonic stenosis. At ecardiae catheterization the 
blood pressure in the right ventricle was 265/6 mm. Hg and in the pulmonary 
artery 10/6 mm. Hg. Fluoroseopie localization of the site of transition in the 
level of blood pressure as well as the nature of the pressure pulses recorded 
during withdrawal of the catheter from the pulmonary artery, indicated that 
this patient had valvular stenosis (Fig. 6). At operation right ventricle and 
pulmonary artery pressures were 170/10 and 15/5 mm. He, respectively. The 
valve was incised on the left and right lateral sides as described previously, but 
only partial relief was obtained as indicated by a persistent pressure gradient 
of 80 mm. Hg (Fig. 6). Manipulation with the valvulotome was then per- 
formed posteriorly. The pulmonary artery started to bleed slowly, and as 
efforts to control it were made, it bled vigorously. All attempts to repair this 
were unsuccessful and the child died. Fig. 7 shows the right ventricle opened 
at autopsy, demonstrating tremendous hypertrophy of its wall. The first two 
incisions had completely relieved the valvular stenosis. The marked hyper- 
trophy of the musculature of the right ventricular outflow traet was responsi- 


. 0 10 0 
15 140 20 130 20 26 60 20 
0 5 10 7 7 
15*t 40 20* 52 60 25 
0 0 4 lz 
20) 60 20 40 20 2 40 18 
10 “F 10 10 10 8 12 
. 0 50 15 40 17 2 40 27 
3 “O° 10 10 8 10 2 
= 25 60 25 45 15 52 35 28 
0 8 5 5 5 5 6 
20 - 80 30 40 25 7 7 
15 15 * 
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ble for the marked pressure gradients observed in the operating room. At 
post-mortem examination insertion of a finger into the outflow tract simulated 
a tight sphincter. In reconstructing the accident we believe it occurred as 
indicated in Fig. 2; it may be avoided if manipulation is confined to the lateral 


direction. 


_AFTER VALVULOTOMY 


RV 


Fig. 6.—J. B. pressure records showing right ventricle and pulmonary artery pressure 
pulses in pulmonic stenosis. Upper tracing made at cardiac catheterization. Lower tracing 
made at operation using probe. 
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Fig. 5.—J. B. angiocardiogram showing right ventricular outflow tract and pulmonary arteries. : 
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The second patient (M. L.) was shown at operation to have a diaphram 
type of obstruction between the right ventricle and an infundibular cham|,r. 
There was no stenosis at the valve. The instrument was used to remove svy- 
eral bites of tissue from this diaphragm-like obstruction but blood pressures 
were unaffected. The result in this patient must be regarded as a failure by 
this technique. 

In Patient C. M. the pressure in the right ventricle was reduced from 
180/5 to 1380/5 mm. Hg by operation. The dilator was used several times to 
demonstrate that the pulmonary valve had been opened widely. A trans- 
valvular pressure gradient of 110 mm. Hg persisted. This was considered a 
poor result. The patient was catheterized 6 months after operation. The pul- 
monary artery to right ventricle pressure gradient was now 40 mm. Hg. These 
data suggest that there had been some reduction in the hypertrophy of the 
musculature of the right ventricular outflow tract. The validity of the catheter 
pressure tracings was supported by a decrease in the electroeardiographie evi- 
dence of right ventricular hypertrophy. 


Fig. 7.—J. B. right ventricle opened at autopsy. 


The results on patient N. K. in the operating room following valvulotomy 
and dilatation revealed a gradient of 20 mm. Hg which was considered to be 
satisfactory. At the postoperative catheterization one year later, the gradient 
was found to be 35 mm. Hg. This change from the operating room level may 
be due to the fact that there was some systemic hypotension at the time the 
pressures were recorded at operation. Fig. 8 shows the pressures as recorded 
simultaneously from the right ventricle, pulmonary artery, and aorta. Diastolic 
pressures in the right ventricle and pulmonary artery are identical and indi- 
cate that pulmonary insufficiency was produced. A murmur consistent with 
the diagnosis of pulmonary insufficiency has also appeared. The electrocardio- 
gram shown a regression of the right ventricular hypertrophy pattern pre- 
viously noted. There has been a striking decrease in the size of the heart. 
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Cardiae catheterization was repeated in patient A. G. before she left the 
hospital and verified that the pulmonary artery to right ventricle pressure 
gradient was 20 mm. Hg. One year after operation a marked change in the 
electrocardiogram has been noted; the right ventricular hypertrophy pattern 
has disappeared and has been replaced by a normal pattern. 

In Patient J. vT. a catheterization study was done in the postoperative pe- 
riod before the boy left the hospital; the data were similar to those obtained 
during operation. 


| 4 
1 | i 


WWW 


AFTER VALVULOTOMY 


NK 


VAN 


Fig. 8.—N. K. pressure records. Upper tracing made at cardiac catheterization showing 
pressures during withdrawal of cardiac catheter from pulmonary artery to right ventricle in 
pulmonic stenosis. Lower tracings made at operation by needle puncture of the pulmonary 
artery, right ventricle, and aorta showing pressure pulses at these points in pulmonic stenosis. 


Patient S. B. was studied a year postoperatively and the improvement in 
pressure gradient recorded during valvulotomy remained. The presence of an 
atrial septal defect which had been suspected on a catheterization done before 
operation was confirmed. The electrocardiographie evidence for right ven- 
tricular hypertrophy had lessened. 

M. B., the last patient operated upon in this group, has not yet had a post- 
operative catheterization study. 

The electrocardiographie tracings (Fig. 9) show Lead V, from 4 patients 
before and approximately one year after operation. There is a consistent change 
toward a more normal pattern. 


| 1 


128 HIMMELSTEIN, JAMESON, FISHMAN, AND HUMPHREYS ne y 

Only one patient in this series developed pulmonary insufficiency, as mani- 
fested by blood pressure records and diastolic murmur. Following relief of 
the stenosis, the distorted pressure pulses reverted toward normal arterial 
tracings. 

It would seem pertinent to present recent postoperative catheterization 
data on patients with pulmonic stenosis and intact interventricular septum 
previously reported from our clinic by Humphreys.’ These were patients 
operated upon by the standard Brock technique. 


Fig. 9.—Electrocardiographic Lead V: in 4 patients, at left before operation and at right 
approximately one year after operation. A, C.M.; B, N.K.; C, A.G.; and D, S.B. 

Patient B. C. has been restudied. Before operation, there was a trans- 
valvular gradient of 188 mm. Hg. Five months later, the gradient was 47 mm. 
Hg; 4% years postoperatively it was 5 mm. Hg. 

Patient R. E. has been restudied 4 years postoperatively. The pressures 
are identical to those one year following operation. In one ease not listed in 
Humphreys’ report the right ventricular pressure changed in 4 years from 
94/10 preoperatively to 56/8 mm. Hg. It is apparent that in these early cases 
transvalvular pressure gradients persist; 40 mm. Hg or over in 4 patients, 30- 
40 mm. Hg in 2, and less than 20 mm. Hg in one. 
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DISCUSSION 


Swan'* has reported his results of postoperative catheterization in 17 of 
25 patients operated upon under direct vision. These generally showed only 
small residual pressure gradients. We have reported our results in 7 patients 
who survived closed transventricular valvulotomy using the technique and val- 
vulotome deseribed. Results similar to those reported by Swan were obtained 
in 6. In some of these, stenosis at the valve ring between the right ventricular 
chamber and the dilated pulmonary artery may account for the small pressure 
gradients that persist. 

We feel that the results reported here are a distinct improvement over 
those achieved in our earlier cases done by the original Brock method. Re- 
cording of blood pressures in the operating room has been used as a guide to 
the evaluation of the adequacy of the surgery. On several occasions inade- 
quate decrease in the right ventricular-pulmonary artery pressure gradient led 
to further manipulation and diminution in this gradient.® 

There has been criticism’ * '° of the validity of conclusions drawn on the 
basis of pressures obtained in the operating room. This is based on the sug- 
gestion that the pressure patterns may be altered due to changes in blood flow 
induced by anesthesia and surgery. These data provide further evidence,* ° 
that observations made during operation are comparable to those made in the 
resting state, if care is taken to exclude change in the general state of the pa- 
tient as reflected in systemic blood pressure and pulse rate. 

Kirklin® has presented clinical and autopsy evidence which suggests that, 
in some eases, obstruction of the outflow tract by hypertrophy of the right 
ventricular musculature may contribute to the picture of postoperative pul- 
monie stenosis. Swan'’ has considered this point of view and stated, ‘‘Al- 
though this may occasionally occur, it appears that if operation on the valve 
is adequate the pressure in the right ventricle will promptly fall to normal, 
as occurred in five patients.’’ Brock? has considered the outflow tract of the 
right ventricle and its control mechanisms; he has called attention to the right 
ventricular musculature as a site of obstruction. Our experience is in accord 
with his observations. Thus, the data on J. B. and C. M. would indicate that 
a severe degree of muscular hypertrophy was present and that when valvular 
stenosis is relieved in such patients the infringement of the outflow tract by 
the muscular mass constitutes an obstruction. In one of these patients (C. M.), 
a study 6 months after operation showed a significant improvement. This is 
interpreted as indicating a recession in the degree of subvalvular muscle hyper- 
trophy. In this regard we would like to eall attention to the continued im- 
provement in Patient B. C., one of the original cases mentioned by Humphreys, 
and to add the data on a case operated upon by Dr. M. M. Raviteh and one of 
us (A. H.) while at the Mt. Sinai Hospital.* In the latter instance, oper- 
ation was done using the standard Potts type knife and dilator. Pre- 
operative catheterization showed right ventricle and pulmonary artery pres- 
sures to be 122/3 and 4 (mean) mm. Hg, respectively ; at operation these were 


*We are indebted to Dr. Alvin Gordon, Head of the Cardiac Catheterization Team of 
the Mt. Sinai Hospital, New York, N. Y., for supplying this data. 
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97/5 and 13/8 mm. Hg; at the end of operation, 92/15 and 13/7 mm. Hg; 2 
weeks postoperatively at catheterization, 114/8 and 25/8 mm. Hg. A year 
and one-half after operation the pressures had dropped to 42/0 and 17/0 min. 
Hg, respectively.® 

Brock’s report? led us to review the tracings of J. B. (Fig. 6) made dur- 
ing catheterization and at operation. A pattern of infundibular stenosis 
appeared only following valvulotomy. This is interpreted, as suggested by 
Brock, as indicating that prior to surgery valvular stenosis was almost com- 
plete and that with each systole, the infundibular area ballooned slightly. 
However, once the valvular stenosis was relieved, the hypertrophied muscle 
became the site of obstruction to outflow. 


It has become apparent that many of the poor postoperative results noted 
in the early group of patients were due to an inadequate valvulotomy. This 
can be obviated by pressure tracings obtained at the time of operation. In 
some patients with very severe stenosis, an adequate drop in the pressure 
gradient cannot be achieved. We believe this is due to the severe musculat 
hypertrophy in the right ventricular outflow tract which is a reversible process. 
In others, a small pressure gradient may persist as a result of a functional zone 
of stenosis created by the normal valve ring between the dilated pulmonary 
artery and right ventricular chamber. 


SUMMARY 


1. A new valvulotome and dilator for operation in pulmonie stenosis has 
been presented. 

2. The surgical procedure is controlled by repeated measurements of the 
transvalvular pressure gradient during the operation. The results are evalu- 
ated on the basis of pre- and postoperative cardiac catheterization. 


3. Several instances of late decrease in transvalvular pressure gradient 
are presented, and an explanation is offered. 
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DISCUSSION 


DR. C. WALTON LILLEHEI (Minneapolis, Minn.).—The closed transventricular 
pulmonic valvulotomy has been a good operation and certainly the British surgeons, Sellors 
and Brock, deserve a good deal of credit for its introduction. Dr, Himmelstein’s studies 
indicate again that some good results can be obtained by this method. However, in every 
series of patients (including one of our own, Am. J. Med. 20: 756, 1956) managed by closed 
techniques and in which postoperative hemodynamic studies have been carried out, ap- 
proximately 30 to 60 per cent of these patients have remained uncured physiologically. 

Potentially pulmonic stenosis, whether it be valvular or infundibular, is a completely 
curable lesion. Thus, complete cure is the only acceptable and logical therapeutic goal for 
cardiologists and surgeons in the management of these patients. 

Why do we fail so often with the closed technique? Analysis again of our own fail- 
ures indicates that there are two basic reasons, 

First is incomplete or inaccurate division of the valvular obstruction. 

Second is the failure to recognize and to correct the not infrequently associated de- 
fects such as infundibular stenosis and atrial or ventricular septal defects. 

The first slide illustrates a severe valvular stenosis with only a pin-hole opening of 
the type frequently encountered particularly in infants and children. 

The second slide indicates what frequently happens with this type of valvular lesion 
when the valvulotome is passed blindly shooting at a target often with a stream of blood 
squirting into the operator’s face in addition. You may see that the valvulotome has 
passed not through the actual pin-hole valvular opening, which is still clearly visible, but 
has cut a large jagged orifice adjacent to it. Now this large ragged eccentric opening has 
certainly relieved the stenosis but undoubtedly has caused pulmonary insufficiency. This 
latter is not a benign lesion and probably caused the death of the infant herein illustrated. 
Even if the patient survives, this pulmonary insufficiency may be identified by the typical 
diastolic murmur found in 15 to 30 per cent of patients postoperatively, and on cardiac 
catheterization the residual right ventricular pressure remains elevated, not a good omen 
for the future, 

Hypothermia, as advocated by some, allows the pulmonary valve to be divided aceu- 
rately under direct vision and thus is a step in the right direction, but this method leaves 
the surgeon quite helpless in dealing with most of the associated defects which may be 
unexpectedly encountered in these patients. 

To be sure in some instances these associated lesions can be recognized or at least 
suspected preoperatively; but in others, no matter how thorough the preoperative studies 
are and no matter how expert their interpretation may be, these defects escape pre- 
operative detection; and therefore, when they are encountered, the surgeon may not be 
prepared to manage them. 

Thus, about a year ago it became apparent to me that one could approach more closely 
this goal of complete cure for patients with pulmonic stenosis by use of a by-pass method 
with the pump-oxygenator. This procedure has been adopted by us for all patients under- 
going surgical management of pulmonic stenosis on our service at the Heart Hospital. 

This next case illustrates how vexing this problem of unanticipated associated de- 
fects can be. This infant, 12 months of age, had, in addition to the usual studies, cardiac 


« 
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catheterization, and angiography including cineangiocardiography with the image j:- 
tensifier equipment. On the basis of all of this information she was considered to have 
“typical isolated valvular pulmonic stenosis.” There was no evidence of a shunt at any 
level or in either direction. 

Nonetheless, we chose to operate upon this patient with an open method utilizing 
the pump-oxygenator. When the heart was viewed after opening the pericardium, the 
lesion appeared so typical that this colored photograph was taken to illustrate the remark- 
able poststenotic dilatation in the main pulmonary artery. After by-passing the heart and 
lungs the pulmonary artery was opened for a direct vision valvulotomy. Then occurred 
the first clue that there were associated defects probably present in as much as the valvu- 
lar stenosis, while definite, was not severe enough to have accounted for all of this infant's 
preoperative disability. Therefore, after incision of the stenotic valve commissure, the 
right ventricle was opened and the interior inspected carefully. This is one of the real 
advantages of a perfusion method. There were no defects discernible. The right atrium 
was explored also through the ventricular cardiotomy by inserting the palpating finger 
through the tricuspid valve, and this septum was intact. Somewhat perplexed, we closed. 
The heart took over adequately. The postoperative pressure gradient across the pulmonic 
valve had dropped to only 15 mm. Hg. In short, it looked like an excellent result and we 
remarked that certainly this child will have no further trouble. 

Well, as will happen, she died very suddenly about 12 hours later. We were, of 
course, shocked and upon arriving at the autopsy room found that the pathologist already 
had the heart out and had finished his part of the examination. He said that he had found 
nothing other than the pulmonic stenosis which was corrected. Further examination of the 
heart after the pathologist was finished with it indicated that this child did indeed have 
a large ventricular defect. Here is this heart shown with the right ventricle widely opened 
with an autopsy incision. Here is the tricuspid valve, and here is the pulmonary outflow 
tract. You may see the stitches of the rather adequate cardiotomy in order to inspect 
this area. Yet there is no ventricular defect visible. Next, this photograph shows the 
large ventricular defect (12 mm. in diameter) from the left side in the the usual location 
just below the aortic cusps. And finally, you see the defect here after the much hyper- 
trophied papillary muscles have been pulled to one side. Moreover, to make this problem 
even more vexing for the operating surgeon, these defects do not always occur in this 
characteristic area, 

Undoubtedly this child died beeause she was converted suddenly from a delicately 
balanced state to one with rather substantial left-to-right shunt. Here, then is an illus- 
tration of a case that was missed by the diagnosticians, missed by the surgeon at opera- 
tion using an open technique and suspicions of an associated defect, and finally missed by 
the pathologist at autopsy with the heart in his hand. 

In conclusion, this chastening case also taught us another lesson on how to prevent 
this from happening in the future. This valuable suggestion came from one of our surgical 
residents, Dr, Sellers, and we have adopted it and found it very satisfactory in a number of 
clinical cases since. At the time when the heart (with pulmonic stenosis) is by-passed a short 
ventricular cardiotomy is usually made both to inspect the infundibulum and to examine 
the ventricular and atrial septa for defects, If none is obvious, we inject 20 to 30 e.c. of 
Evans blue (‘T-1824) dye into the contracting but empty left ventricle and at the same time 
momentarily occlude the aorta with the finger tips. This maneuver has demonstrated other- 
wise hidden ventricular septal defects or has given additional reassurance of an intact 


septum. 


DR. HENRY SWAN (Denver, Colo.).—I would like to confine my discussion to what 
[ think Dr. Himmelstein was primarily concerned with, namely, the patient in whom the 
pulmonic valvular stenosis was the only lesion, and I think he has not been diseussing 
patients with tetralogy and so on. 

Now, certainly I want to congratulate him on his insistence upon objective studies as 
the method of evaluating his results. I think it is extremely interesting to have him 
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present to us a series of observations made at operation, these then being repeated at short 
postoperative intervals of 1 to 4 or 5 weeks, and then again a year or 2 later, and I hope 
that in his published report he will include data concerning the status of the systemic cir- 
culation on those observations that were made in the operating room. 


I think the blood pressure in the peripheral system would be helpful in evaluating 
the significance of the operative result or the operative observation. Now, we agree quite 
definitely with him that there is a group of patients in whom the blood pressure does not 
return to normal and by that I mean return within a short time after the operation, this is, 
in a matter of weeks. In our experience, these have been largely those who had a very 
high preoperative pressure. These were pressures of 150, 190, and 210 in the right ventricle. 
Their postoperative pressures were 45 or as high as 60. The gradient still persisted up to 
40 or 45 mm. Hg. When catheterized again a year later, there has been progressive im- 
provement, and so we feel also that there probably is this phenomenon of hypertrophy of 
the muscle causing actual narrowing of the outflow of that ventricle. 

I would also like to compliment him on his persistence on elaborating fairly compli- 
cated methods for an operation which we feel can be done much more simply, namely, by 
opening the artery and looking at the valve and putting your cuts in it just exactly where 
you’d like to, and then being sure that you have actually gone the whole length of the valve. 

(Slide.) We’ve had the chance to see 25 valves in patients who had stenosis as an 
isolated lesion, and it has been our impression that the pathology has fallen into two rather 
distinct categories. Here is the typical pyramidal or tent-like, funnel-shaped valve with 
very small residual or abortive attempts to form commissures. This is the type that one 
sees primarily in the infant. I think Dr. Lillehei’s very lovely colored picture illustrates 
this type much better than this artist’s conception. However, I think it would be hard to 
believe that one can cut this valve effectively so that you cut all the way to the ring in 
1 or 2 or 3 places and not have some probable postoperative regurgitation, as there are no 
fundamentally good cusp structures in such a valve. 

The next slide shows the type that we have seen in the adult. This is a very fibrous, 
firm, hard valve. The ring is irregular. The commissures come up all the way to the open- 
ing, and they are thickened as in the little insert to the right. 

Now in this valve it is possible to place your cuts in those commissures and thus to 
achieve competent cusps even though you open it widely. 

The next slide merely shows some of our results. I’d like to call your attention only 
to the last column on the right which shows postoperative pressure gradients; the highest 
one there in the group of 9 patients has a residual pressure of 45 with a preoperative right 
ventricular pressure of 157. We will certainly be interested in catheterizing this patient 
later as Dr. Himmelstein has done. The last slide merely shows the rest of the 15 patients 
whom we have studied. There are 2 on this last slide who still have residual pressure, and 
again we will be interested in residual gradients. Notice the one on the top there, preopera- 
tive blood pressure 190, and Number 13 has 205. We feel that since we know the valve 
has been completely cut, because we saw it cut, this is probably a ventricular outflow resid- 
ual in these high pressure patients. We will want to catheterize them in about a year. 


DR. DENTON A. COOLEY (Houston, Tex.).—I would like also to compliment Dr. 
Himmelstein on his very nice paper. I agree with him completely on his technique of 
valvulotomy for the pure valvular pulmonic stenosis. 

Of course, there is some confusion which still exists in our minds as to which tech- 
nique should be used in the individual ease. In my opinion, no technique should be used 
to the exclusion of all others since each has a place under certain circumstances. 

In some of the cases one can anticipate that he is going to need an open cardiotomy. 
(Slide.) In this type of case with severe infundibular stenosis as demonstrated on the 
ingiocardiogram, we feel that cardiopulmonary by-pass is the method of choice. Actually, 
this opinion was reinforced in this patient since there was a small ventricular septal defect 
producing cyanosis and which was closed simultaneously during cardiopulmonary by-pass. 
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There is another situation which may arise, and Dr. Himmelstein may have encounter: 
this situation. At the operating table one may discover an unexpected infundibular steno- 
sis accompanying a valvular obstruction. Under those circumstances, one may close tlie 
chest, induce general body hypothermia, and reopen the incision to expose the infundibular 
stenosis during inflow occlusion. We have used that technique in one patient and, inter. 
estingly enough, when the valve was exposed after the closed valvulotomy had been done, 
it was evident that the valve was incised as deeply as one could do with a scissors under 
direct vision. Infundibular resection under hypothermia is a satisfactory method although 
[ prefer cardiopulmonary by-pass when I know that infundibular stenosis is present. An- 
other method which we have used when a previously undiagnosed infundibular obstruction 
was encountered at operation we call unilateral by-pass. Blood was removed from the 
occluded superior and inferior venae cavae and pumped into the occluded pulmonary artery. 
This avoided the necessity for an oxygenator and was relatively easy to use. However, 
the bleeding inside of the ventricle was troublesome and the method is therefore not en- 
tirely satisfactory. 

DR. JOHANN L. EHRENHAFT (Iowa City, Iowa).—I want to congratulate Dr. 
Himmelstein on his presentation, but I also would like to point out that there are many 
ways to achieve similar results. Some surgeons prefer blind transventricular methods and 
others approach the pulmonary valve through the pulmonary artery under direct vision. 
We have experience with both methods. In about 40 patients with valvular pulmonie steno- 
sis treated by us we had only one death. Early in our experience we severed the stenotic 
pulmonary valves with valvulotomes and dilators using the transventricular approach. We 
have changed completely and now carry out pulmonary valvulotomy under direct vision 
through the pulmonary artery using hypothermia. We feel that nothing replaces direct 
vision and this has been borne out by the postoperative catheterization data which we have 
collected. The results are far superior if the pulmonary leaflets are separated accurately 
under direct visual control in a bloodless field. 

On oceasion we have also corrected infundibular pulmonic stenosis by this method. I 
would like to make one other comment. In our experience the most common associated 
defects in patients with valvular pulmonic stenosis are interatrial septal defects. These 
occurred in about 25 per cent of our patients. They are of the foramen ovale type. Also 
in our series of surgically treated interatrial septal defects one-fourth of all the patients had 
associated valvular pulmonic stenosis permitting left to right, bidirectional, or predomi. 
nently right to left interatrial shunts depending on the severity of the pulmonary valvular 
stenosis and the degree of right ventricular pressures. This is the main reason why we 
have used hypothermia in these patients. It enables us to correct both defects under direct 
vision at the same operative procedure if they are present. By preference we have not 
used an extracorporeal circuit and a pump oxygenator for the correction of pure valvular 
pulmonic stenosis because we feel that the other methods are a great deal simpler and 
that they achieve the same results. 

DR. HIMMELSTEIN (Closing).—I would like to thank the discussors. 

I am a little bit confused about this picture of infundibular stenosis as Dr. Cooley 
gave it because the lesions that we saw would simulate infundibular stenosis and yet it 
apparently regresses, I do not know but that some of the lesions that he resected might 
have regressed with just the operation of cutting the valve. I agree with what Dr. Swan 
said, that the operating room pressures that we take can never be compared with those 
made at cardiac catheterization unless the patient is normotensive and has a normal pulse 
rate at the time the pressures are recorded in the operating room. 

I think that the discussions as to whether one does a closed operation or an open 
operation really revolve around what one considers the magnitude of the surgery to be and 
whether the lesion warrants doing that magnitude of surgery. I think that the operation 
we have suggested is the simplest of operations. I think that probably Dr. Swan’s is the 
next more complicated, and I think the operation that Dr. Lillehei discussed is the most 
complicated. 


PARADOXICAL HYPERTENSION FOLLOWING RESECTION OF 
COARCTATION OF AORTA 


Witt C. M.D., Jerome S. Harris, M.D., W. GLENN YouNG, JR., M.D., AND 
Henry A. Catuaway, Jr., M.D., Durwam, N. C. 


(From the Division of Thoracic Surgery and Department of Pediatrics, Duke University 
School of Medicine) 


ARADOXICALLY, serious and sometimes fatal hypertensive vascular dis- 

ease may be precipitated by the successful repair of coarctation of the aorta. 
We’ reported the first instance of a fatal case of this complication. Since then, 
there have been records of similar cases, * as well as reports of an unusually 
high ineidence of abdominal pain following this operation,” ° but none of the 
observers linked the onset of the pain with blood pressure elevation. 

After the experience with one fatal and another near fatal instance’ of 
this type of postoperative vascular disease, we have made a careful appraisal of 
blood pressure changes after a repair of a coarctation of aorta. Significant 
hypertension was found to occur in two separate and unrelated periods after 
operation. In some the hypertension classed as early developed and then re- 
gressed in the first 36 hours and was of no elinieal significance. Another group 
of patients classed as delayed were found to have the onset of the hypertension 
after the second postoperative day. Some of these patients had attacks of 
abdominal pain. The abdominal pain and hypertension in 2 of the patients 
were controlled by sympathicolytic drugs. Finally, the fatal and near fatal 
instances previously reported could be linked with the less severe postoperative 
changes to make a complete clinical syndrome. This report is concerned with 
our observations on these two unexpected postoperative vascular complications. 

In this study we had to first define an unexpected elevation in the post- 
operative blood pressure. The criteria we have established for the first or im- 
mediate type of hypertension is as follows: (1) limited to the first 36 hours 
after operation, (2) the arm systolic level greater than the maximum pre- 
operative level, and (3) an increase in the popliteal artery blood pressure ex- 
cluding the possibility of recurrent aortic obstruction. 

The eriteria we have used for establishing the delay type of hypertension 
is as follows: (1) begins after the second postoperative day and subsides in 7 
to 14 days, (2) the systolic and diastolic or only diastolic elevations greater than 
levels just after operation, and (3) an increase in the popliteal artery pressures 
excluding the possibility of recurrence of the aortic obstruction. 


MATERIAL 


In all patients, the blood pressures were obtained by cuff measurements. 
Except for the patient F. C., who had a subclavian-aortic anastomosis, the re- 
pairs were by end-to-end suture of the aorta. 


_., This investigation was supported in part by a research grant (H-1782 C) from the 
National Heart Institute of the National Institutes of Health, Public Health Service. 


Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 1957. 
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There were 30 patients with postoperative blood pressure studies cor- 
sidered adequate for review (Table I). Ten of the series, in whom preopera- 
tive pressures were of the same magnitude as the remaining 20, failed to show 
postoperative blood pressure elevations or to have any unusual symptoms. 


TABLE I. HYPERTENSION FOLLOWING COARCTATION OF THE AORTA 


Immediate postoperative hypertension 7 
Delayed postoperative hypertension 14* 
No postoperative hypertension 10 
30 


*One case had immediate and delayed reaction. 


In 7 patients, there was an increase in blood pressure over the preoperative 
levels in the first 36 hours after a successful resection (Table 11). With the 
one exception where the immediate postoperative leg pressures were not re- 
corded, the popliteal pressures also increased above the preoperative levels, 
ruling out a recurrence of the aortic obstruction. The blood pressure tended 
to diminish in the first 5 or 6 hours after surgery. In none of the group was 
this deerease associated with blood loss or respiratory abnormality. Then, 
after the initial fall, the blood pressure began to increase, reached a peak in 
about 12 to 14 hours, and then returned to the immediate postoperative levels. 
In only one instance did a patient, B. E. of this group, develop the second or 
delayed type of hypertension. Factors such as respiratory distress, overtrans- 
fusion, pain, or drugs did not explain the hypertension. There were no unusual 
changes in the heart rate. The preoperative blood pressures in this group were 
no higher than in the other patients reviewed. These patients all survived sur- 
gery and have had a good result. 

It was surprising to find that 14 of this group of 30 patients showed the 
delayed or the second type of hypertension (Table III). The ages varied from 
4 to 32 years and included one low thoracic coaretation. Their preoperative 
systolic and diastolic pressures were similar to the remainder of the patients 
used in this study. Six of this group had serious associated anomalies; and of 
particular interest was the occurrence of abdominal pain in 5 of the 6. 

The diastolic pressure was significantly elevated above the preoperative 
levels in all cases of this group. This increased more rapidly and to a higher 
comparative level than did the systolic pressure. The hypertension persisted 
for 6 to 14 days, the longest duration being in one of the patients who developed 
necrosis of the bowel. 

In 6 patients, abdominal pain accompanied the diastolic hypertension. The 
pain was generalized, intermittent, and cramping. Anorexia, nausea, and some- 
times vomiting were associated with it. In four instances there was a leuko- 
cytosis. Physical examination usually showed a moderately distended abdomen. 
Tenderness was indefinite and poorly localized. Peristaltic sounds were present. 
Roentgen ray studies of 4 of the patients with abdominal pain showed segmental 
dilatation and retention of gas throughout the small bowel. In 3, striking 
edema of the small intestinal wall was easily visible on the films. In two in- 
stances abdominal exploration beeame necessary; and, in both, segmental areas 
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of bowel wall necrosis were found. In one, this was so extensive that nearly 
all of the ileum was destroyed. In the other, only the distal half of the ileum 
was involved. In two instances, reduction of the hypertension by the sympath- 
icolytie drug, hydralazine hydrochloride, was associated with control of the 
abdominal pain and eventual recovery. In the others with only minor symp- 
toms and roentgen ray changes, the diastolic hypertension and abdominal pain 
subsided spontaneously. 

Representative case summaries of patients with the two types of unusual 
postoperative hypertension follow. 


COARCTATION OF AORTA 


CH. £24137 
Age 30 yrs. 


ARM BP MN./ HG 


—> operation 


DAYS 


Fig. 1.—The blood pressure record of a patient showing only the immediate type of post- 
operative hypertension. 


COARCTATION OF AORTA 


B.E. E 21105 
Age 5Syrs. 


ARM BP MM./HG 


—> operation 


T 
6 10 '—30doys —4 


DAYS 


Fig. 2.—The blood pressure record of a patient showing both immediate and delayed type of 
postoperative hypertension. 


CASE REPORTS 


Case 1.—(Fig. 1.) The patient, C. H., was a 30-year-old man admitted to Duke 
Hospital for repair of a coarctation of the aorta. He had not had any symptoms. The 
blood pressure was found to be 160/90 in the arms and 120/110 in the legs. X-rays showed 
rib notehing, and the ECG showed left ventricular strain. On Jan. 23, 1956, the coarctation 
of the aorta was resected and the aorta was repaired by end-to-end anastomosis. The 
only unusual postoperative finding was an arm blood pressure increase to 220/110 during 
tle night after operation. A follow-up 3 months after operation demonstrated a blood 
pressure of 130/80 in the arms and 110/70 in the legs. 
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Case 2.—(Fig. 2.) The patient, B. E., was a 5-year-old white boy admitted on Noy, 
20, 1955, to Duke Hospital for repair of a coarctation of the aorta. The diagnosis iad 
been established by routine physical examination. Admission studies revealed his blood 
pressure to be 170/100 in both arms and not to be obtainable in the legs. There was a 
systolic murmur heard over the aortie area and in the upper posterior chest and a jid- 
diastolic murmur at the base cf the heart. X-rays showed rib notching, enlarged left 
ventricle, and slightly increased vascularity of the lung fields. Electrocardiogram showed 
no abnormalities, 

On Noy. 23, 1955, he had the aortie stricture excised followed by end-to-end repair, 
Immediately after operation his blood pressure was 170/110. In 8 hours it increased to 
220/140. Then for 48 hours it stayed in the range of 150/90. On the fourth day it 
increased again to 190/140 and remained at this level for 3 days. The patient had no unusual 
postoperative symptoms. In a follow-up 15 months after surgery, arm blood pressure was 
found to be 130/80, but there was still a diastolic murmur over the base of the heart 
thought to be caused by congenital mitral stenosis. 


CasE 3.—This patient, D. R., was a seven-year-old white boy who entered Duke 
Hospital on July 9, 1956, for correction of coarctation of the aorta. Examination revealed 
a blood pressure of 130/80 in both arms, but none was obtainable in the legs. There was 
a systolic murmur over the aortic area as well as a loud diastolic murmur over the base of 
the heart. The electroeardiogram demonstrated an incomplete right bundle branch block 
and left axis deviation. Angiocardiograms revealed a patent ductus arteriosus and coarctation 
of the aorta. On July 13, 1956, a coarctation of the aorta was resected and an end-to-end 
A small patent ductus arteriosus was divided. 


anastomosis performed. 


COARCTATION OF LOW THORACIC AORTA 
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Fig. 3.—The blood pressure record of a patient showing the delayed type of hypertension and 
abdominal pain. 


On the second day after operation, he complained of abdominal pain. This was 
severe and associated with nausea and vomiting. X-rays of the abdomen demonstrated seg- 
mental areas of gas in the small bowel. For the next 3 days the pain continued, then 
gradually subsided, finally disappearing on the sixth postoperative day. Immediately after 
operation, the blood pressure increased to 150-160/100-110 and remained in this range until 
the sixth postoperative day when it returned to 120-130/80. The pressures in the legs were 
equal to those in the arms after operation. A follow-up 2 months later showed blood 
pressure of 110/70 in the arms and 120/90 in the legs. 


Case 4.—(Fig. 3.) The patient, C. W., was a 32-year-old white woman who was 
admitted to Duke Hospital on March 3, 1956, with a history of blood pressure elevation of 
over 200 mm. Hg. for the past 13 years. She had gone through 5 pregnancies without 
circulatory symptoms. Physical examination showed blood pressure in the arms to be 
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920/120 and in the legs to be 120/100. There was a systolic murmur over the aortic area 
and a second systolic murmur posteriorly over the region of the twelfth dorsal spine. No 
abnormal pulsations were noted about the trunk and chest. X-rays of the chest and 
electrocardiogram were normal. Angiograms showed a coarctation of the aorta just above 
the diaphragm. On March 12, 1956, a 5 em. stenotic segment of the low thoracic aorta 
was resected and replaced with a homograft. The patient did well for 3 days after 
surgery with blood pressure in the arms varying from 100/70 to 130/80 and leg pressures 
remaining about 110/70. On the fifth day, the patient began to complain of abdominal 
discomfort, anorexia, and weakness. The blood pressure in the arms increased to levels 
varying from 150/100 to 180/110 with a concomitant increase in leg pressures. Over the 
next 3 days the patient’s symptoms persisted and blood pressure remained elevated. The 
white count did not increase. After this time, blood pressure returned to normal, and 
abdominal symptoms disappeared. The patient has remained well since operation with arm 


pressures remaining in the range of 130/80. 

Case 5.—(Fig. 4.) The patient, F. C., was a 6-year-old white girl who was admitted 
to Duke Hospital on Dec. 10, 1955, with a diagnosis of coarctation of the aorta. She was 
eyanotie at birth and had been sickly all of her life with an unusual number of respiratory 
infections. Studies on admission showed a large heart with arm blood pressure of 194/104 
and leg pressures of 104/72. There was a loud systolic murmur over the base of the heart 
and over the aortic area. X-ray showed a very large heart with a large left ventricle and 
striking increase in the pulmonary vascular bed. Electrocardiogram showed combined 
hypertrophy. An additional diagnosis was made of interventricular septal defect. 


COARCTATION OF AORTA 
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Fig. 4.—The blood pressure record of a patient developing the delayed type of hypertension. 
The hydralazine hydrochloride was given in divided doses by mouth. 


On Feb. 15, 1955, a repair of the coarctation was done. The obstruction was high, 
and it was necessary to use the left subclavian artery for the proximal arm of the anasto- 
mosis. The pulmonary artery was large, and pressure was found to be 150/120. The ductus 
arteriosus was not patent. The day following operation, her arm blood pressure decreased 
to 140-170/90. On the second day after operation, the pressure was 190/140 in the arms; 
and at this time the patient began to complain of abdominal pain, nausea, and anorexia. 
Roentgen rays of the abdomen revealed segmental gas distribution and edema of the small 
bowel. The white count was 18,000. On the third day the patient was started on hydralazine 
hydrochloride, 15 mg. 4 times daily, because of marked increase in her abdominal pain. 
There was immediate improvement in abdominal symptoms, and abdominal pain subsided 
completely in 7 days. On discharge from the hospital 15 days after operation, the blood 
pressure was 150/70 in the right arm and 120/90 in the right leg. A follow-up letter 
from her physician 9 months after surgery reported an arm pressure of 130/90. 
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Case 6.—This was a 4-year-old white boy, R. K., admitted to Duke Hospital on Jan. 5, 
1956, for repair of a coarctation of the aorta. The child had an imperforate anus tiat 
was satisfactorily corrected just after birth. At the age of 6 months, he developed congestive 
heart failure and had been under constant medical supervision since then. Digitalis was 
continued until he was 3 years of age. At the age of 3 years and 6 months, it was started 
again because of recurrence of symptoms. Studies on admission showed arm blood pres- 
sure to be 200/90 and unobtainable in the legs. The heart was greatly enlarged with 
a loud systolic murmur noted over the apex and the aortic areas. By x-ray and EUG, 
the left ventricle was reported to be enlarged. 

On Jan. 13, 1956, a satisfactory repair of the aortic coarctation was obtained. On 
the second postoperative day, the blood pressure in the arms was 185/105 and in the legs 
185/95. On the fourth day after operation, he appeared listless and complained of abdominal 
pain, and examination revealed moderate abdominal distention with audible peristalsis. 
X-rays demonstrated gas in the lumen and edema of the wall of the small bowel. His 
white count increased on the third postoperative day from 22,000 to 36,000. On the fifth 
postoperative day, because of progressive increase in his abdominal symptoms and continued 
hypertension, he was given 0.25 mg. of Serpasil intravenously with a decrease in his blood 
pressure to 160/90. The next day he was given hydralazine hydrochloride, 2.0 mg. intra- 
venously, with no change in the arm blood pressure of 160/80. At 3:15 p.m. of the same 
day, he was given 5.0 mg. of the same drug intravenously with a drop in blood pressuye 
from 160/90 to 160/60. This same dose was repeated in 8 hours, and the blood pressure in 
the arms remained at 150/60. On the sixth postoperative day one more intravenous dose 
was given. Then he was placed on 7.5 mg. by mouth every 6 hours. His pressure stabilized 
at 140/70 on this dosage. On the sixteenth day after operation, the drug dosage was reduced 
and discontinued on the eighteenth day. His pressure remained after this in the range 
of 130-140/60-70. The day following the treatment with Serpasil, the patient improved 
dramatically. Three days later his abdominal pain disappeared and his white count had 
dropped to 16,000 and then to 10,000 on the eighteenth day. Frequent follow-ups have 
shown a normal blood pressure in the arms and legs but a heart that is still markedly enlarged 
from a suspected congenital mitral lesion. 


CasE 7.—The patient, J. L., was a 4-year-old white boy with no cardiorespiratory 
complaints but in whom a murmur had been noted since birth. Physical examination on 
admission to Duke Hospital, July 2, 1954, showed a blood pressure in the arms of 150/80 
and in the legs of 90/65. There was a murmur over the pulmonic area typical of a patent 
ductus arteriosus in addition to a systolic murmur over the aortic area. The remaining 
studies were normal. On July 8, 1955, the patient had a resection coarctation of the aorta 
located just below the left subclavian artery as well as division of a large patent ductus. 

The patient did well until the fourth postoperative day when he complained of 
oceasional bouts of cramping lower abdominal pain and anorexia. The patient appeared 
to be worse than on the previous day, but abdominal examination was not remarkable. 
During the next 15 days, he continued to complain of abdominal pain, refused food, and 
appeared to be quite ill. On the eighth postoperative day the blood pressure in his arms 
was 150/125, and in the legs it was 220/180. His white count had increased from 24,000 
to 45,000. X-ray studies of the abdomen showed segmental areas of gas in the small 
bowel. The bowel wall was thickened, and the abdomen appeared to contain fluid. Because 
of the continued pain and abdominal rigidity and temperature of 40° C., the patient had 
a right rectus abdominal exploration on the sixteenth postoperative day. The inferior 
epigastric artery was noted to be pulsating vigorously and to be 2 to 3 times normal 
size. The peritoneal cavity contained moderately thick fluid. Beginning about 4 em. from 
the ileocecal valve and for the next 70 em. of ileum, there were numerous patchy areas 
of gangrene as well as 3 perforations. The mesentery was thickened. Though the mesenteric 
vessels could not be palpated, it was felt that they were not occluded because of areas 
of normal bowel adjacent to areas of gangrene. The remainder of intestine and 
other abdominal organs was normal. The terminal 70 em. of ileum was resected. 
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The patient gradually improved after operation and was discharged from the hospital 9 
days later. His blood pressure was 120/80 in the arms at this time. Regular follow- 
up for more than two years after repair of coarctation has shown blood pressures of 
118/80 in the arms and 150/90 in the legs. 

The studies of the resected bowel showed multiple areas of gangrene with inter- 
vening patches of viable bowel. Microscopic study showed extensive medial necrosis 
throughout the vascular tree of the bowel. Similar changes were seen in the muscle 
biopsies of abdominal wall and in the inferior epigastric artery. 


Case 8.—The patient, C. R., was a 22-year-old Negro man admitted to Duke Hospital 
on July 26, 1952, with diagnosis of coarctation of the aorta, aortic insufficiency, and con- 
gestive heart failure. He had no cardiac symptoms until 6 months before admission, when 
he became so dyspneic and weak that he had to give up his job. Examination showed a 
blood pressure of 220/60-0 in the arms and 104/80-0 in the legs. There was an aortic 
diastolic and systolic murmur. There were peripheral edema and rales in both lungs. X- 
rays showed a markedly enlarged left ventricle. Electrocardiogram revealed left axis 
deviation and left ventricular strain. On digitalization, sodium restriction, and diuretics, 
the patient improved. On Aug. 8, 1952, he had a resection and repair of the coarctation 
of the aorta. The day after operation his blood pressure was 140/80 in his arms. The 
second postoperative day his blood pressure had increased to 200/106 in the arms and to 
the same level in his legs. The next day he began to complain of left upper quadrant 
abdominal pain. His arm blood pressure was 224/94, and his white count was 17,000. 
The pain increased, and an elevated blood pressure continued. Twelve days after operation 
he began to vomit blood. X-rays at this time showed dilatation of the small bowel with 
numerous fluid levels and an edematous small intestinal wall. Abdominal examination 
showed generalized tenderness, distention, and absent peristalsis. The abdomen was ex- 
plored, and a gangrenous segment of bowel involving almost all the ileum was resected. 
The remainder of the small bowel, duodenum, and ascending colon appeared blue and 
edematous. The patient died on the operating table from cardiac arrest. 

Autopsy showed extensive vascular necrosis involving only the vessels below the 
coarctation and none above this site. The changes were similar to those noted in experi- 
mental renal hypertension. The intestinal vessels were more extensively involved, but areas 
of vascular necrosis were common throughout the abdomen. The pronounced change in 
the ileum was due to obstruction in the smaller arteries and not to mesenteric thrombosis. 


DISCUSSION 


Two distinct but unrelated periods of hypertension following removal of 
a coaretation of the aorta, a lesion which produces hypertension, speak for the 
complex factors that control the blood pressure. The immediate or first type 
of hypertension may well be due to a disturbance in the pressor receptors in 
aortic and carotid arteries. This mechanism may be set at a high level because 
of the preoperative hypertension. The relaxation in the aorta and carotid 
arteries above the area of coarctation following resection may further increase 
the systolic blood pressure by reducing the buffering action mediated by these 
receptors.’ Studies by Kezdi® on hypertensive patients after local blockade of 
the earotid reeeptors demonstrated that, excluding the buffer, nerves caused 
a pressure rise that was an increment of the existing hypertensive levels. The 
recent animal experiments of MeCubbin, Green, and Page* on chronic renal 
hypertension indicates that the level of response of the pressor receptors is 
governed by the accustomed blood pressure levels. Though the first or early 
posireseetion type of hypertension may make the surgeon apprehensive about 
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the possibility of the disruption of the suture line, there were no apparent ill 
effects from these episodes, nor do they predispose to the second or delayed 
type of hypertensive reaction. 

The diastolic hypertension that begins after the second day is of much 
more serious import, and, judging from our studies, may be the beginning of 
a chain of events that progresses from vascular spasm to vascular degeneration 
and finally death from effects of tissue necrosis in the intestinal tract. he 
abdominal pain noted in 6 of our eases with diastolic hypertension was similar 
to that described by Ring and Lewis® and by Cleland.? In our series, the day 
of onset varied from the second to the seventh day, but in many instances early 
signs may have been masked by the postoperative sedation. The symptoms, 
roentgenograms, leukocytosis, operative findings, and post-mortem studies sug- 
gest that the pathogenesis of the abdominal pain was first arterial spasm and 
then ischemia that could progress to necrosis of the bowel wall. The abdominal 
pain occurred shortly after the onset of the diastolic hypertension. In the 
two cases treated with hydralazine hydrochloride, the abdominal pain subsided 
with the return of the diastolic pressure to normal levels. 

Observations of the advanced vascular lesion in 2 patient in this series 
have been reported.t The outstanding feature of the pathology was the loeal- 
ization of these changes to the vessels originating from the aorta below the 
coarctation. The second feature was the close similarity of the arterial and 
arteriolar change to those noted in experimental renal hypertension,'' a change 
produced by arterial obstruction. <A third feature of the pathology was its 
apparent predisposition for the vessels of the small intestine. Wilson and 
Pickering" in their study of experimental renal hypertension noted that the 
mesenteric and intestinal arteries were more extensively involved than any other 
vessels. A partial explanation for the rapidity of development of ischemia and 
necrosis in the intestinal tract would be the potential infection that is always 
present in the bowel and ready to invade areas of diminished vascularity. The 
interference with peristalsis in the bowel by areas of ischemia might be the 
cause of the early symptoms of this hypertensive vascular disease originating 
in the abdomen. 

The duration of the hypertension was dependent upon the severity of the 
vascular changes. In those who had few or no symptoms, the elevated blood 
pressure lasted for 3 days, while in the instance of J.L., who developed in- 
testinal perforation, the hypertension persisted for 16 days. The delayed 
type was not followed by any residual hypertension or demonstrable vascular 
damage. 

In 2 of our patients, the increasing abdominal pain and progressive diastolie 
hypertension led to a trial of the sympathicolytic drug, hydralazine hydro- 
chloride. In these patients it was thought the irreversible changes in the bowel 
wall were imminent as shown by roentgen ray studies of the abdomen and a 
rising white count. In Patient R. K. the white blood count increased to 35,000. 
The response to the hydralazine hydrochloride was effective and immediate, for 
the diastolic hypertension quickly reverted to normal levels, the abdominal pain 
subsided, and the white count decreased. 
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The evaluation of the extent of the abdominal involvement by the vascular 
necrosis may be difficult. Though the vascular damage can progress in the 
intestines to the point of rupture and peritonitis, the process may be diffuse 
throughout the vessels of the abdominal viscera as shown by Lober and Lille- 
hei’s’ experience with a rupture of a splenie artery. Utmost conservatism in 
operative intervention is advocated not only because of the diffuse involvement 
in the abdomen but because of the many instances of spontaneous remissions. 
We believe an increasing white count, evident progression of the segmental 
small bowel changes on roentgen ray, and signs of peritoneal irritation should 
be present before laparotomy is done. Excision of only the obviously nonviable 
intestine should be done, for the disease may be progressive and other areas 
of gangrene develop as has been reported. 


It is worthy of comment that in the 14 patients with the delayed type of 
hypertension, 6 had other cardiovascular anomalies. Three gave histories of 
congestive heart failure. In the group with a noncomplicated postoperative 
course, 2 had serious heart disease. In the 6 in the delayed group, 5 had 
abdominal pain, 2 had to be treated with hydralazine hydrochloride, and 2 
developed rupture otf the bowel. The previous stress of an abnormal cireula- 
tion may be an important factor in the development of this postoperative 
syndrome. 

What are the explanations for this unusual paradoxical hypertension oc- 
curring 2 or more days after an operation that is performed to correct hyper- 
tension? The simplest explanation would be the presence of emboli to kidneys 
with the production of chronie renal hypertension. We have been unable to 
demonstrate renal thrombusis at autopsy. Postoperative leg pressures in our 
patients tend to indicate no obstruction at the anastomosis site. 

Another theoretical possibility would assume that there is increased blood 
flow to the adrenals as a result of removal of the aortic stenosis, followed by 
increased epinephrine and norepinephrine secretion, which in turn eauses vas- 
cular spasm. In 2 of our patients, the excellent response to sympathicolytic 
drugs is also evidence for increased epinephrine or norepinephrine secretion. 
In studies now being done by Goodall* and the authors it appears that the 
urinary catechol amines are increased more in patients following removal of 
aortic coarctation than in other postoperative patients. Reflex stimulation of 
the adrenals could also account for this finding, for there are significant changes 
in pressure relationships in the lower half of the body. 

A third explanation for this unusual change would be the sudden release 
of the aortie obstruction followed by a considerable increase in the systolic 
pressure in the lower half of the body. This sudden hemodynamic change 
could conceivably cause arterial spasm which would account for the diastolic 
hypertension. 

The mechanism that causes the vascular necrosis in the lower half of the 
body may also be related to the sudden increase in the pulse pressure. The 
localization is evidence against a circulating toxic substance as the cause of 
this change. It seems to us that mere mechanical distention of the vessel walls 
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by the systolic pressure alone is not enough to cause this change. It is evn- 
eeivable that the alteration of the vascular supply to the vessel walls by ‘he 
pressure changes could be at fault. 


SUMMARY 


After a repair of a coarctation of the aorta, a significant elevation in the 
blood pressure may develop and regress in the first 36 hours. This is of no 
clinical significance. 

A delayed and more ominous type of hypertension, principally diastolic, 
may occur on the second postoperative day. In some patients, this is associated 
with abdominal pain. Occasionally this pain may continue and then small 
bowel necrosis oceurs. In fatal instances, arterial necrosis has been found 
localized to vessels originating from below the coarctation site. In the sur- 
vivors, the increased pressures and symptoms have subsided without sequelae 
in 14 to 21 days. 
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DISCUSSION 


DR. EDGAR JACOB POTH (Galveston, Tex.).—These remarks constitute a corollary 
rather than a direct discussion. 

Reports that mesenteric periarteritis nodosum occasionally follows operation for corree- 
tion of coarctation of the aorta have prompted me to suggest preoperative intestinal anti- 
sepsis to decrease necrotic changes in the bowel and subsequent thrombosis of small mesenteric 
blood vessels secondary to infection. 


DR. JOHN F. LEWIS (Chicago, Ill.)—Some time ago Dr. Ring and I, while I 
was still at Minnesota, reviewed our cases there following a report by Lillehei of two cases 
with apparent periarteritis nodosa following coarctation operations. This report included 
one case who survived an operation I performed for extensive gangrene of the bowel. Our 
impression of these patients was somewhat different than Dr. Sealy’s description of his 
eases. Of about 64 cases of coarctation observed postoperatively, we found the syndrome 
of abdominal pain in 18. In some of these, the pain was only of moderate degree but in 
4 the abdominal pain was serious enough to have induced the physician to do an abdominal 
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exploration. In one such patient I operated upon, we took out a normal appendix. There 
were a few additional patients, not operated upon, who definitely had quite serious 
abdominal pain. 

Now, where the discrepancy comes in between our observations and Dr. Sealy’s is 
that we felt that our patients with abdominal pain had a satisfactory immediate 
drop in blood pressure following the coarctation operation. These patients generally had 
a satisfactory, sustained drop in blood pressure though, of course, the abdominal arterial 
pressure doubtless increased due to correction of the coarctation. 

I would like to ask Dr. Sealy if his patients with the intermediate increase in blood 
pressure 4 or 5 days after the operation ultimately had a drop in blood pressure and also 
ask him if the pathologist interpreted the appearance in the blood vessels of the small 
intestine as a periarteritis nodosa. 


DR. EDWIN H. ELLISON, Chairman (Columbus, Ohio).—I would like to ask whether 
the bowel resembles that seen in the occasional severe case of staphylococcus enterocolitis. 


DR. WILL I. SEALY.—I think Dr. Poth’s suggestion is a very good one, and we have 
contemplated doing just what he has brought out, that is, using an intestine antiseptic pre- 
operatively in these patients. 

I am familiar with Dr. Ring and Dr. Lewis’ very excellent paper on this subject, and 
I had difficulty in trying to explain the discrepancy between our findings and theirs, but we 
have very definitely been able to correlate the diastolic hypertension. I want to emphasize 
that it is diastolic, with the onset of the symptoms. In some of these patients, as we 
have pointed out, the diastolic pressure has gone up to 140 and 150. We believe that these 
lesions resemble more those seen in experimental renal hypertension than _periarteritis 
nodosa, although I think it is extremely difficult sometimes to separate the vascular lesions 
of periarteritis nodosa from those of renal hypertension. 
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THE HARMFUL EFFECT OF ARTERIAL GRAFTING ON EXISTING 
COLLATERAL CIRCULATION 


Juuius H. Jacosson II, M.D., anp Ferpinanp F. McAuuister, M.D., 
New York, N. Y. 


WITH THE TECHNICAL ASSISTANCE OF Mr. GERARD M. D’ALESSIO 


HE tremendous amount of work done recently on blood vessel replace- 

ment represents a significant advance in surgery. However, in peripheral 
vessel replacement there has been a disturbingly high incidence of late graft 
thrombosis. This has been reported in from 47 to 70 per cent of some series* 
and has occurred in 38 per cent of our own eases. In such instances we have 
noted the reappearance of claudication occasionally more severe than that 
present before the graft was inserted. Accordingly, the present study was 
designed to determine the fate of collateral circulation after arterial occlusion 
has been relieved by grafting. 

We have previously described a method for experimentally producing 
intermittent claudication and for studying the development of collateral eir- 
culation in dogs.'' The claudication has been produced by applying an inflatable 
rubber cuff to the terminal aorta so that the latter could be oceluded 
atraumatieally in the unanesthetized state. The development of the collateral 
circulation has been studied by comparing exercise tolerance on a tread- 
mill before and after aortic occlusion and by angiocardiography or aortography. 
The present study has extended this work to determine the fate of the col- 
lateral circulation developed by this technique after re-establishing flow in 
the aorta by inserting a prosthesis. The prosthesis has then been occluded in 
the unanesthetized state by means of the inflatable rubber euff and again 
the collateral circulation has been appraised by claudication tolerance and by 
visualization techniques. 


METHODS 


Adult mongrel dogs weighing from 10 to 16 Kg. were trained to run on a treadmill 
(Fig. 1) for a distance of one mile at a speed of 6.7 miles per hour up an ineline of 5 
degrees. Only about one dog in two could be so trained. The dogs were run twice a 
week, and, by and large, the animals were eager for the exercise and kept running until 
exhausted. 

These selected dogs were then anesthetized with intravenous Nembutal. A_ right 
rectus incision was used to expose the terminal abdominal aorta. Fig. 2, A, illustrates the 
division of the inferior mesenteric and the lowermost lumbar arteries. These vessels are 
quite constant and were ligated so that when the prosthesis was subsequently put in place, 
none of the major collaterals would have to be sacrificed. Next the terminal aorta was 
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ligated by 2 umbilical tapes placed the same distance apart as the pneumatic cuff used 
to ocelude the prosthesis (Fig. 2, B). It was our experience that if only a single ligature 
was used the wall of the vessel atrophied and a small lumen persisted. This was not the case 
when 2 ligatures were used and thrombosis usually occurred in the defunctionalized segment 
of vessel. 

The animals were allowed to recover from the operative trauma for one week. They 
were run on the treadmill at biweekly intervals until their exercise ability reached a pre- 
ligation level. 


Resection 


ag Lumbar 


//\ Hypogastric 
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Fig. 2. 


Fig. 2.—A, Division and ligation of inferior mesenteric and lowermost lumbar arteries. 
B, Umbilical tape ligation of terminal abdominal aorta. 


Fig. 3.—A, Area of aortic ligation excised with restoration of vessel continuity with a 
cloth prosthesis. B, The pneumatic rubber cuff being sewn in place around the prosthesis. 


The dogs were anesthetized again with intravenous Nembutal and the aorta was 
exposed through a linea alba incision. ‘The incision was chosen because of its relative 
avascularity and hence freedom from destruction of collateral vessels. The terminal 
abdominal aorta was isolated and the area of previous ligation excised. It is noteworthy 
that the aortic lumen was not obstructed by clot. except between the umbilical tape 
ligatures. Next a prosthesis of braided Vinyon-N was sewn in place and arterial flow re- 
established (Fig. 3, 4). A pneumatic rubber cuff*2 was then sewn together, as shown in 
Fig. 3, B, and the catheter leading from it passed out retroperitoneally. The self-sealing 


*Made for us by the Davol Rubber Co., Providence, R. I. 
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rubber catheter tip was embedded beneath the skin. By a hypodermic injection of water 
into the catheter tip, the prosthesis could be partially or completely occluded at any time 
subsequent to its insertion. 

Fig. 4 is a phantom drawing showing the relations of the pneumatic cuff wit! a 
needle being introduced into the funnel-shaped catheter tip. 

The animals were allowed to recover for one week and then run on the treadmill. 
Invariably they were able to run the mile distance without difficulty. They were run 
weekly for a period of 2 months. Following this, with the animal fully conscious, the 
prosthesis was occluded by injecting water into the pneumatic cuff. The adequacy of 
constriction was evidenced by both the disappearance of femoral artery pulsation and the 
fact that the dogs could frequently not walk to the treadmill for assay of exercise tolerance. 
These dogs were observed and run at twice weekly intervals until their exercise tolerance 
reached preconstriction levels. 

Arteriograms carried out during the study were accomplished by introducing a No. 14 
polyethylene catheter through a carotid vessel and passing the catheter well down into 
the abdominal aorta. Ten to fifteen cubic centimeters of 70 per cent Urokon was used for 
the visualization. Originally, it was hoped that a single film would be adequate but we 
found that serial films, using a Fairchild changer, were necessary to get adequate visualiza- 
tion of all stages of the collateral arterial supply. 


Fig. 4.—A phantom view showing the relations of the pneumatic rubber cuff which is being 
inflated by a hypodermic injection into the funnel-shaped catheter tip. 


RESULTS 


Fig. 5 shows the typical course of exercise tolerance during the experiment, 
the animal being able easily to run a mile until the terminal aorta was ligated. 
Immediately following ligation, running ability decreased to virtually zero 
for the first week and gradually improved for the next 58 days, when the dog 
was again able to run a mile without difficulty. The dog was reoperated upon 
and the occluded aortic segment excised. The defect was replaced with a 
prosthesis which was in turn encircled with the inflatable cuff. This operation 
did not decrease the ability to run and for the next 2 months the dog con- 
tinued to run this distance. The pneumatie cuff was then inflated. The 
exercise tolerance immediately dropped back to a very low level. A gradual 
improvement took place for the next 27 days, when it was again able to run 
the full distance. This pattern was essentially the same in all dogs as shown 
graphically in Fig. 6. The upper left-hand corner of Fig. 6 shows an interesting 
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unintentional variant of this experiment. This animal took 31 days to resume 
running ability after the initial aortic ligation. The prosthesis and cuff were 
then placed, and the animal for the next 17 days was able to run the mile 
without difficulty. A good femoral pulse was present during this period. One 
week later the femoral pulse was noted to be absent. Concomitantly the dog’s 
running ability fell to 1,000 feet. Twenty-six days then elapsed before the 
dog could run a mile again. At post-mortem examination the graft was entirely 
oecluded by thrombosis presumably brought about by a low-grade infection and 
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Fig. 5.—Claudication pattern before and after arterial replacement. 
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- granulomatous reaction set up around the graft by the pneumatic cuff. This 
e same series of events was found in another dog, as shown in the upper right- 
| hand corner of Fig. 6, where 46 days were required after initial ligation to run 
n the mile distance. The prosthesis was installed and thrombosed only 10 days 
n later. In this animal it took 42 days for the full exercise ability to return, 


although the dog was able to run 2,000 feet immediately after the thrombosis. 
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In 2 animals a sham type of operation was performed where the prosthesis 
was ligated immediately after placement, thus testing for amount of collateral 
destroyed by the prosthesis placement. These animals were both able 
run the full test distance the day following surgery. 


to 


Fig. 8.—An arteriogram following aortic ligation and recovery of the dog’s running ability. 
Note the extensive collateral present. 

Fig. 7 is a normal arteriogram showing no significant collateral cireula- 

tion. Fig. 8 shows an arteriogram following ligation of the terminal abdominal 

aorta and recovery of the dog’s running ability. This demonstrates the 


Fig. 7.—A normal arteriogram. 
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extensive collateral present. Fig. 9 shows in serial films the very sparse col- 
lateral present 2 months after the insertion of the prosthesis and one hour 
following occlusion of the prosthesis. The collateral has virtually disappeared 
and 4 seconds are required for the dye to show in the iliac vessels. Fig. 10 
shows the extensive collateral present in the same dog 22 days later. 


ABTERS 
BN OF GRAFT 


Fig. 10.—An arteriogram (1 second film) showng the extensive collateral present 22 days 
after occlusion of the prosthesis. 


DISCUSSION 


These results indicate that under the conditions of this experiment col- 
lateral circulation tends to disappear after continuity of the obstructed vessel 
has been restored. Teleologically this is reasonable since the need for the 
collateral circulation has been removed. 

The fact that a shorter time may be required to return to adequate 
running tolerance after occlusion of the graft as compared with the initial 
occlusion of the aorta suggests that the collateral vessels may not entirely 
disappear. However, if this is the case, they certainly seem to be reduced 
to a size not visible on the aortogram. 

The fact that these events transpire in the healthy mongrel dog does not 
necessarily imply that similar events will occur in the patient with segmental 
arterial occlusion subjected to replacement therapy. However, this reaction 
seems to be a basic physiologic response to need and it seems probable that it 
would prevail in other animal species. If this depressant effect on collateral 
circulation does occur in the human, in response to grafting, then it behooves 
us to take another look at our indications for grafting. It would not necessarily 
lessen the desirability of grafting in the very favorable case, but it should 
definitely dampen our enthusiasm for grafting in any situation where a long- 
term success is unlikely. Such an instance might be a long peripheral block with 
diminished inflow and poor runoff. Our previous attitude in such a case 
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might have been to attempt a graft on the basis that if it thrombosed it 
would probably make matters no worse than that existing prior to grafting. 
However, in this group the collateral might be especially important and this 
approach may now be open to question. 


It is thoroughly appreciated that there may be a difference between 
end-to-end replacement and end-to-side by-pass grafting. However, this set 
of experiments was so designed as to prevent any sacrifice of collateral at the 
time of insertion of the prosthesis. Yet in order to be sure of this point, com- 
parison of end-to-side versus end-to-end replacement is planned. 


SUMMARY 


1. In 6 experiments on dogs the re-establishment of arterial flow in the 
previously occluded abdominal aorta has caused the collateral circulation 
to become markedly reduced. 


2. The elinical implication of this work is discussed. 
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Discussion 
DR. McALLISTER.—We hesitated somewhat to use the word ‘‘harmful’’ in the title, 
because we know that many of you are enthusiastic about grafting, and we did not want 
to scare you off. Yet, if one considers the results in these individual dogs, there is no 
question that the insertion of a prosthesis was harmful. These animals were just not able to 
run after the prosthesis was occluded, whereas they were with the aorta occluded before 
the insertion of the prosthesis. 


We still feel that there are many situations where replacement therapy is certainly 
the treatment of choice, but as Dr. Jacobson mentioned in the paper, it seems to me that 
we have to be a great deal more particular in our selection of cases for replacement 
therapy. 


DR. ROBERT SHAW (Boston, Mass.).—I think this phenomenon does occur in pa- 
tients with end-to-side as well as with end-to-end anastomoses. We see disappearance of col- 
lateral in postoperative arteriograms in the end-to-side shunts. Unfortunately we have a 
great deal of experience with the performance of patients after occlusion develops. Some 
have artery grafts, and I do not believe that you can say that they are harmful in the 
sense that has been implied here. Most of these grafts seem to occlude very gradually, and 
pulses, as a rule, get smaller and smaller. There is a parallel development of collateral with 
slow narrowing of the graft. So, in general, the unfortunately large number of patients that 
we follow through occlusion have not really been in worse condition than they were before 
grafting. 
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THE MECHANISM AND PREVENTION OF DISTAL TUBULAR 
NECROSIS FOLLOWING ANEURYSMECTOMY 


SAMUEL R. Powers, M.D., ANronio Bosa, M.D., AND ARTHUR STEIN, M.1)., 
ALBANY, N. Y. 


(From the Department of Experimental Surgery and the Department of Pathology, Albany 
Medical College, and the Department of Surgery, Albany Hospital) 


ISTAL tubular necrosis is a significant complication of aortic aneurysmec- 

tomy. Oliguria for the first few postoperative days occurred in almost 
30 per cent of all such cases and was associated with azotemia in 20 per cent 
during a one-year period at the Albany Hospital. During this same period, 
there were 4 postoperative deaths with distal tubular necrosis as the principal 
or contributing cause. Analysis of these cases showed a good correlation of 
this disorder with the duration of aortie clamping. Other factors, such as the 
number of transfusions, presence of hypotension, or transfusion reactions, did 
not appear to have a eonsistent deleterious effect on renal function. This 
relationship to probable local aortie contusion suggests a resemblance to the 
frequently observed vascular spasm that is seen in association with crushing 
injuries to peripheral arteries.t The occurrence of ischemie changes in the 
kidney following clamping of the distal abdominal aorta has been investigated 
in the dog and forms the basis of this report. 


METHODS 


Adult mongrel dogs were anesthetized with Nembutal and placed in a modified Over- 
holt position on specially designed blocks. The left kidney was exposed through a long 
paraspinal incision and the renal vein was separated from the renal pedicle for a distance 
of at least 3 em.; care was taken not to disturb the delicate nerve fibers which pass along 
the renal artery. A brass ‘‘T’’ cannula, inserted through a slit in the renal vein, allowed 
blood to enter the vena cava in normal fashion or be totally diverted into a graduated 
cylinder for the measurement of renal blood flow. Direct measurement of renal blood 
flow was used in these studies since the validity of clearance methods may be questioned, 
especially in the presence of renal ischemia.t Separate urine flow from the 2 kidneys was 
obtained by placing one polyethylene catheter into the exposed renal pelvis and another into 
the urinary bladder. Abdominal aortic pressure was continuously measured from a cardiac 
catheter passed down the left carotid artery to the region of the renal arterial orifices. This 
pressure was recorded by a Statham strain gauge and a Sanborn preamplifier and recorder. 
In some experiments, the left kidney was totally denervated by complete transection of thie 
renal pedicle and reanastomosis of the renal artery over a plastic tube. The pressure drop 
across the arterial cannula was insignificant and amounted to less than 5 mm. H,O for the 
venous ‘‘T’’ cannula. The abdominal aorta just distal to the renal arteries was mobilized 
for a short distance and then cross-clamped with a Schumacker clamp. Control studies were 
carried out in an exactly similar manner except that the aorta was not disturbed. Diuresis 
was induced by administering 500 ¢.c. of 5 per cent dextrose in water intravenously during 
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the dissection. At the conclusion of the experiment, the cannulated kidney was removed for 
histologic study and the operative wound closed. Two days later, 500 ¢.c. of 5 per cent 
dextrose in water was given and the urine output for the first hour collected. The 
animal was then sacrificed and the previously undisturbed kidney was removed and studied. 


RESULTS 
Five animals were subjected to cross-clamping of the aorta for varying 
periods. In each case, there was a significant fall in renal blood flow. Since 
mean aortic pressure was constant through each study, the fall in flow indicated 
an inerease in renal vascular resistance. A composite diagram of the changes 
in renal blood flow in this series of experiments is shown in Fig. 1. Immediately 
following the fall in renal blood flow, urine formation decreased, often to zero, 
and this oliguria persisted during the subsequent 2 days. The 500 ¢.e. infusion 
at this time uniformly failed to produce any additional urine flow and such 
urine as was obtained was of low specifie gravity, containing albumin and casts. 
Hlistologie sections of the kidney removed at the time of the initial insult 
showed some hydropie changes. The untouched kidney, removed at the time 
of sacrifice, demonstrated the pathologie changes of distal tubular necrosis (Fig. 
2). The histologic similarity to the human eases is shown in Fig. 3. In one 
animal, an exclusion clamp was placed on the side of the aorta so that flow to 
the hind limbs was maintained. The result was identical to that just presented. 
We believe that these studies indicate a elose similarity to the aeute renal 


failure seen in our clinical eases. 


CONTROL 
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. Fig. 1.—Composite graph of blood pressure and direct renal blood flow determinations 
in 4 dogs following clamping of the abdominal aorta. All renal blood flows are expressed as 
percentage of control. 


In 4 additional dogs, these experiments were repeated in a similar manner 
except that the aorta was untouched. There was no change in renal blood flow 
even after 41% hours of observation. There was no clinical or histologic evidence 
of distal tubular necrosis. 

In a third series of experiments, the left kidney was acutely denervated by 
transection of the entire renal pedicle with restoration of blood flow through 
short cannulae. Fig. 4 shows that following clamping of the aorta, no change 
in renal blood flow or urine formation oceurred in the denervated kidney 
Whereas the untouched kidney became oligurie and at sacrifice 2 days later 
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showed distal tubular necrosis. The protection afforded the denervated kidni-y 
indicated a neurogenic mechanism to the increased renal vascular resistance aid 
suggested that a similar protection might be obtained by the use of a ganglioiic 
blocking agent. 


Fig. 3. 


Fig. 2.—Tubular degeneration following 2 hours of aortic cross-clamping. There is loss 
of cellular architecture, separation from the basement membrane, and early cast formation. 


Fig. 3.—Tubular degeneration in a patient who died 8 days following abdominal aneu- 
rysmectomy. 


In a group of 5 animals, Arfonad,* a rapid, potent ganglionic blocking 
agent,* was administered just prior to clamping the aorta. This drug was 


*The material for this study was kindly provided by Hoffmann-La Roche Laboratories, 
Nutley, N. J. 


Fig. 2. 
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given at a sufficient rate to produce a moderate hypotension (60 to 70 mm. Hg) 
and was accompanied by a fall in renal blood flow. The renal vascular resistance, 
ealeulated as the ratio of pressure divided by flow, was essentially unchanged. 
Following application of the aortic clamp, there was no further change in renal 
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Fig. 4. Fig. 5. 

Fig. 4.—Hemodynamic data obtained from a denervated kidney (left) following aortic 
clamping. Urine formation remains essentially unchanged whereas the right, untouched kidney 
shows a marked fall in urine output. 

Fig. 5.—Prevention of increased renal vascular resistance following aortic occlusion by the 


use of Arfonad. 


Fig. 6.—Hydropic changes in tubular epithelium without loss of cellular architecture in dog 
protected with Arfonad. 


blood flow except in one dog (Fig. 5) in which the blood pressure spontaneously 
rose in spite of the continued administration of Arfonad. The concomitant rise 
in renal blood flow exceeded the control values, indicating a fall in renal 
vascular resistance due to the Arfonad. None of these animals developed distal 
tubular necrosis (Fig. 6). 
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DISCUSSION 


Clamping the abdominal aorta of the dog for prolonged periods produces 
the clinical and pathologic changes of distal tubular necrosis. The onset of 
changes in renal hemodynamics appears after a variable period of time, in one 
dog as much as 2 hours. The longer the period of clamping, the more likely 
this syndrome is to appear. This observation is in agreement with our clinical 
data since no cases of renal impairment were seen when the period of cross- 
clamping was less than 1144 hours. The mechanism which might produce 
arterial spasm after such a long delay is not clear. One possible mechanical 
explanation is a ‘‘water hammer’’ effect secondary to complete occlusion of the 
aorta. Sudden large increases in renal artery pressure will produce arteriolar 
damage but this results in typical histologic alteration which could not be 
demonstrated in either our animals or human material. It is also significant 
that a nonoccluding clamp placed on the side of the aortie wall will still result 
in renal damage. 

A second possible cause of the acute renal failure might be focal embolie 
necrosis secondary to small emboli from proximal sclerotic plaques. No his- 
tologie support for this hypothesis was found. 

It seems doubtful that a simple reflex could account for vasospasm whieh 
develops as much as 2 hours following application of the aortic clamp. On the 
other hand, the prophylactic effect of denervation would not appear to implicate 
a circulating substanee. This dilemma is similar to that found in the distant 
arterial spasm which follows traumatic injuries of peripheral arteries. The 
effect of Arfonad on this latter condition is under investigation. 

The present study supports the thesis that distal tubular necrosis follows 
renal ischemia. In those animals that developed tubular damage, renal blood 
flow fell to an average of 32 per cent of the control values. Changes in blood 
flow are difficult to interpret, however, especially in experimental situations 
where the mean arterial pressure may vary over a wide range. A more useful 
index of hemodynamic change is given by the calculated renal vascular resist- 
ance. The association of prolonged increase in renal vascular resistanee with 
clinical and histologie evidence of distal tubular necrosis was a constant finding 
in this study. The group of animals treated with Arfonad, on the other hand, 
developed low renal blood flows without significant change in vascular resistance 
and none of them showed tubular damage or became oliguric. These studies 
suggest that adequate delivery of oxygen to the renal parenchyma depends not 
only on renal blood flow but also on the state of the renal vaseular bed. A 
probable explanation for this is found in the studies of Moyer and Handley.’ 
Measurements of tubular resorption of glucose in the presence of inereased 
vascular resistance indicated that a large fraction of the nephrons was not 
being perfused at all and might, therefore, develop the changes associated with 
anoxia. Some attempts were made to localize the anatomic site of vaseular 
spasm by injecting India ink into the renal artery prior to removal of the 
kidney. Histologic examination failed to show concentration of carbon particles 
in any particular segment of the renal vascular bed. 
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The effect of denervating one kidney was of special interest since following 
aortic clamping urine flow continued on the operated side but fell to zero in 
the undisturbed kidney. It should be emphasized that denervation in itself 
produced no change in renal vascular resistance and yet it blocked the vaso- 
spasm which usually follows clamping the aorta. 

Ganglionie blockade with Arfonad produced a fall in renal blood flow which 
is roughly proportional to the fall in arterial pressure and, therefore, did not 
appreciably change the renal vascular resistance. In spite of the reduced blood 
flow in this group of animals, urine formation continued and tubular damage 
did not develop. The action of Arfonad in protecting against distal tubular 
necrosis appears to be identical with that afforded by acute denervation. 


URINE OUTPUT FOLLOWING 
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Fig. 7.—Average hourly urine volumes in 2 patients following aneurysmectomy. The 


solid line shows a marked oliguria associated with azotemia which cleared by the eighth 
postoperative day. 


These conclusions have recently been applied to a series of 8 clinical cases 
of aneurysmectomy. In contrast to the previously high incidence of oliguria 
and azotemia, there has been no evidence of renal impairment in the Arfonad- 
treated group and no deaths. Although renal blood flow studies have not been 
obtained in the human cases, some index of tubular function has been observed 
by measuring hourly urine volumes during and after the operative procedure. 
Typical graphs of these measurements in an untreated and a treated case are 
shown in Fig. 7. The untreated patient developed severe oliguria which per- 
sisted for 2 days and was sufficient to raise the N.P.N. to 76 mg. per cent. In 
contrast, the Arfonad-treated case shows no fall in hourly urine volume even 
though the duration of aortie clamping was excessively long, amounting to over 
3 hours, 

The technique of ganglionic blockade which has been developed consists of 
maintaining the systolic pressure between 70 and 80 mm. Hg during the period 
of aortie cross-clamping. Just prior to the application of the clamp, an intra- 
venous drip of Arfonad, 1 mg. per eubie centimeter, is started and given at a 
sufficient rate to lower the blood pressure to the desired level and maintained 
until just prior to the removal of the clamp. At this time, the aorta, just above 
the graft, is compressed with the fingers so that the force of the arterial pulse 
can be felt. Finger pressure is gradually reduced at such a rate that the pulse 
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does not appreciably weaken. Any fall in pressure can be easily detected and 
sufficient compression applied to restore the force of the pulse. This maneuver 
is essential since the rapid removal of aortic occlusion in the presence of 
ganglionic blockade may result in profound hypotension. It is also necessary 
to accurately replace all blood losses in order to be certain that the hypotension 
is a result of ganglionic blockade and not due to hypovolemia. 


SUMMARY 


1. Distal tubular necrosis has been produced in the dog by prolonged elamp- 
ing of the terminal aorta. 

2. Renal damage can be prevented by acute denervation of the kidney 
and also by the use of a ganglionic blocking agent, Arfonad. 


3. The technique of ganglionic blockade has been applied to a series of 
patients submitted to aneurysmectomy with a significant decrease in the inei- 
dence of renal complications. 
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THE USE OF HOMOTRANSPLANTS IN THE THERAPY OF UREMIA 
AN EXPERIMENTAL STUDY 


Leon A. Gorpon, M.D., AND Victor Ricuarps, M.D., SAN Francisco, CAuir. 
(From the Department of Surgery, Stanford University School of Medicine) 


INTRODUCTION 


CUTE anuria has become a problem of increasing frequency in medicine in 
recent years. If one avoids potassium intoxication and pulmonary edema 
by a prudent medical regimen with respect to caloric intake, fluid, and electro- 
lytes, the majority of cases can be successfully managed conservatively until 
spontaneous recovery of the kidneys ensues. Some cases require surgical efforts, 
however, to tide them through the critical problems of the anurie phase, and 
the artificial kidney has been the method of therapy most widely employed. 
At best this is a difficult procedure requiring laborious efforts by a skilled team 
of medical and ancillary personnel. It seemed attractive to explore, therefore, 
the possibilities of using a homotransplanted kidney in the therapy of experi- 
mental anuria, for the surgical introduction of a homotransplanted kidney is 
quite feasible, and if it were to function adequately for even a short number 
of days, it might be of lifesaving value. The homotransplanted kidney during 
its functioning phase should be innately capable of combating the hazards of 
anuria. It could be inserted under local anesthesia and contraindications to its 
use should be less than for the artificial kidney. Availability might be less a 
problem than now exists with the artificial kidney. 

The thought of using a donated kidney for the relief of uremia is un- 
doubtedly a very ancient one. Advances in surgery, particularly in the field 
of vascular anastomoses, have made it a reality within recent years. Hume and 
co-workers’ have published in a detailed study their results in 9 cases of chronic 
uremia which were treated by the implantation of a homologous kidney. One 
of the 9 patients had a prolongation of life for as long as 5144 months. In 
another more recently published case the donor and recipient were homozygous 
twins.» ® In this unique ease a successful homotransplant will probably funce- 
tion for an indefinite period of time, and follow-up studies done one year after 
the homotransplantation have shown almost identical function with that of the 
parallel kidney in the donor twin. 

Except in special circumstances in which tolerance has been experimentally 
induced in the recipient, animal homotransplantation of tissues or organs is 
universally unsuccessful. The homograft will undergo degeneration and cease 
to funetion within a predictable period of time, depending upon the tissue and 


Fund This work was supported in part by a grant from the Life Insurance Medical Research 


Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 


1857 


163 


P 
i 
is 
| 


164 GORDON AND RICHARDS push 
the species. With respect to the kidney the period of time of function may be 
at least 5 months in the human but only about 5 days in the dog, as reporied 
by Dempster,’ Simonsen,® Hume,® and others.1° The more prolonged sur- 
vival of the human transplant suggests that it might have some use in the 
therapy of acute renal insufficiency, and serial renal transplants, one following 
the other on cessation of function of each transplant, might be of use in chronie 
renal insufficiency. Humans may be more suitable than dogs for homotrans- 
plantation of tissues. 

The average duration of survival of about 5 days has been an observation 
common to all investigators of renal homotransplantation. Considerable doubt 
has been expressed as to the physiologic competence of a renal homotransplant 
during its lifetime. Dempster* has reported that even an autotransplanted 
kidney exeretes electrolytes poorly and is unable to concentrate urine or respond 
well to a water load. Nevertheless, in human eases the homotransplants were 
indeed able to function well enough to maintain the life of the recipient. Curi- 
ously enough the most suecessful human homotransplant was anurie for almost 
20 days after homotransplantation. This anurie period might be related to 
ischemia of the transplanted kidney prior to the resumption of adequate blood 
flow through it, for in one of the reported eases, when the period of ischemia 
was shortened to only 14 minutes, the kidney began to secrete urine immediately 
but failed later presumably from technical difficulties. This suggests that if 
homotransplants were to be used in the therapy of acute renal insufficiency 
that they should be placed quickly after removal from the donor. 

The present experiments were designed to determine the efficacy of homo- 
transplants of kidneys in maintaining the life of bilaterally nephreetomized 
dogs and also to determine the ability of homotransplanted kidneys to reverse 
the concomitant uremia and potassium intoxication. Of further interest was 
the question of the influence of the uremie state on the homograft reaction and 
survival, since it has been reported that uremia prolongs the survival of skin 
homografts in rats.2 It seemed possible that it might extend the survival of 
kidney transplants. 

METHODS 

Adult mongrel dogs weighing between 10 and 20 Kg. were used. The present study 
comprises the results in 25 dogs. The dogs were all fed an ad libitum regular diet of chow, 
meat, and milk regardless of their state of uremia. This was done in order to prevent the 
influence of specific medical therapy in helping to prolong the survival. The first homograft 
was placed on the day after bilateral nephrectomy. In some cases it was found necessary to 
administer some intravenous fluid to the severely uremie animals on the day of surgery. 
Usually 250 ¢.c. of modified Hartmann’s solution was used. Parenteral penicillin was also 
given on the day of surgery. 

The artery and vein of the homotransplant were sutured end-to-end to the carotid artery 
and jugular vein of the recipient with oiled 6-0 silk. The kidney was then placed into a 
subcutaneous flap under the platysma muscle, and the ureter, cannulated with a plastic tube, 
was brought out through a separate stab wound. The usual time from the clamping of the 
donor’s renal artery to the resumption of blood flow through the transplant was 45 minutes. 
Usually, the artery was washed out with a dilute solution of heparin in saline prior to thie 
anastomosis. In many cases the kidney was actually perfused with the saline containing tlhe 
heparin, This did not seem to have an appreciable effect on the subsequent function. 
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The urine was collected in a plastic bag. The volume was measured as well as the 
specific gravity and protein content. Examination of the microscopic sediment showed many 
red cells and white cells regardless of the state of transplanted kidneys. Usually the protein 
content would rise markedly and the specific gravity would become less after the kidney 
had been in situ for several days. It was also noted that the dogs would stop eating and 
appear febrile at this time. These clinical indications of uremia were accompanied by a 
cessation of function of the transplanted kidney. The first homograft would be removed 
and a second homograft was sutured into the opposite carotid and jugular vessels at this 
time. Additional homografts were placed sequentially as each homograft ceased to function 
until the animal expired. Almost daily determinations of serum urea, sodium, and potassium 
were done. Occasional phenolsulfonphthalein (PSP) excretion studies were also done. 
After removal of the homografts histologic study was made of the kidney. 


RESULTS 

It was observed in this laboratory, as reported by previous workers,* © %"! 
that kidney homografts in the dog will function for an average of 5 days. The 
duration of survival was occasionally as long as 11 days or as short as 2 days. 
This range occurred in the absence of any specific therapy such as splenectomy, 
irradiation, or adrenal cortical hormone therapy. This period is the same as 


TABLE 1 


| | TOTAL 
| | SURVIVAL 
| AFTER 
| HOMO- | | TOTAL NEPHREC- 
'TRANSPLANT| DAYS | OUTPUTIN RANGE OF DAYS OF TOMY* 
DOG NO. | NUMBER FUNCT. | LITERS SP. GRAVITY ANURTA (DAYS) 
G5 1 0 0 - 5 5 
G8 1 0 0 ~ 6 6 
A G9 i 0 0 - 6 6 
G24 1 0 0 = 4 4 
G31 1 0 0 - 3 3 
G6 i 5 3.0* 1.01 -1.022 9 
G10 1 ] 8 1.02 -1.026 2 3 
G1l 1 2 8 1.01 -1.015 3 6 
G13 1 6 2.4 1.015-1.022 2 8 
G16 2 lost 7 
G14 1 6 4.1 1.015-1.026 
2 4 5.7 1.010-1.030 
3 4 a 1.015-1.026 6 20 
G17 1 lost 
B G18 2 9 6.4* 1.010-1.026 2 11 
G19 1 lost | 6 
G20 1 3.0 1.010-1.028 
2 1.014-1.030 
2 7 3.4* 1.012-1.028 
4 4 1.014-1.024 5) 28 
G25 1 6 5.4 1.012-1.032 
2 5 3.0" 1.010-1.028 3 14 
G27 1 5 2.2 1.014-1.026 
2 4 0.8* 1.014-1.020 1 10 
G30 1 4 2.0* 1.020-1.028 2 6 
G26 1 5 6.0* 1.018-1.026 3 8 
G36 1 4 1.020-1.030 


*Signifies a loss of all or part of the urine collection because of technical difficulties. 
A—The survival figures of dogs that received transplants that did not function and there- 
fore serve as controls showing the survival of dogs after bilateral nephrectomy. 
B—tThe over-all survival figure of dogs with functioning homotransplants. 
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that previously reported in nonuremic animals. No specific control study was 
made of the survival of dogs after nephrectomy. However, in those cases in 
which the homograft did not function for technical reasons or had ceased to 
function without replacement, a survival between 1 and 6 days was noted (Table 
I, A). This is similar to the result noted by other workers.*° In Table I, B 
are the survival figures of dogs with successful transplants. Of the dogs which 
had only one transplant placed, a survival of 6 to 12 days was achieved. Since 
the duration of function of a kidney homograft is approximately the same as 
the survival after nephrectomy, it is difficult to prove the therapeutic effective- 
ness of a homograft in the dog. Therefore, successive homografts were se- 
quentially or serially employed in an attempt to indefinitely prolong the life of 
a nephrectomized dog. This was partially successful as may be seen in Fig. 1 


to 


Fig. 1.—This figure illustrates the course of 2 dogs after bilateral nephrectomy and the trans- 
plantation of a series of kidneys into their necks. 


which shows the data from 2 representative dogs. In this figure, the concentra- 
tion of serum urea and potassium are shown as well as the times of homo- 
grafting. A summary of this data from some other dogs is shown in Table II. 
It will be noted that the serum urea began to decrease on the day following 
the placement of a homograft and would approach normal in the next 2 or 3 
days (Table II). The changes in serum sodium were not remarkable and are 
not tabulated. The potassium concentration usually rose abruptly prior to the 
death of the animal. Because of progressive debility of the animal, it was not 
possible to perform more than 4 transplants in any one animal. The debility 
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was probably in large part due to the recurring uremia. The frequent anves- 
thesia and surgery with concomitant blood loss were also contributing factors, 
Survival for a period of 4 weeks was achieved by the use of serial homotrais- 
plants in nephrectomized dogs. 

Clinical observation of uremic dogs after transplantation confirmed the 
chemical findings and was even more dramatic. The majority of nephrectomized 
dogs develop emesis and diarrhea after 2 to 3 days. They may show twitching 
of various muscle groups and are very lethargic. In some eases the dogs seemed 
almost moribund before receiving the transplant. Usually, observation of these 
same animals only 24 hours later revealed a very dramatic improvement. They 
began to drink large amounts of water without vomiting and were able to stand 
in their cages. They improved steadily until the kidney became oliguric. The 
urine from the transplanted kidneys had a specifie gravity ranging between 
1.010 and 1.032. The dog’s urine normally has a specifie gravity in excess of 
1.030. Urine outputs in excess of 400 ¢.c. per day were usually achieved by 
the second posttransplant day and would remain at this level until output 
suddenly ceased. 


DISCUSSION 


These experiments are in agreement with those of previous workers and 
demonstrate that a renal homotransplant in the dog has a relatively short 
duration of function. This function is not only brief, lasting on the average 
of about 5 days, but is also of poor quality. Yet it is of great functional value 
to the acutely uremie animal, and in this regard it is noteworthy that our 
experiences with experimental uremia in dogs are comparable to those reported 
in the few human cases of chronic renal insufficiency in which homotransplants 
have been done. In chronie uremia of humans’ kidney homotransplantation was 
able to reverse the uremic state and prolong the survival of patients with chronic 
renal insufficiency. The experimental evidence presented here would indicate 
that a homotransplanted kidney is able to reverse the acute uremia and potas- 
sium intoxication of a dog deprived of its own kidneys. By using a series of 
homotransplants sequentially implanted in bilaterally nephrectomized dogs it is 
possible to prolong their lives for a period of at least 28 days. This is in 
contrast to the maximal survival time of 6 days in bilaterally nephreetomized 
dogs with conservative medical therapy. 

Dempster has discussed the problem of the anurie transplant. He reported 
approximately a 16 per cent incidence of anuria in renal homotransplants. This 
was also noted in this laboratory although no specifie study of this problem was 
made. It was noted that this period of anuria did not occur in a uremie dog 
that was the recipient of a renal homotransplant after a bilateral nephrectomy. 
Dempster speculated and presented some evidence to suggest that the anuria 
was due to severe arteriospasm in the donor kidney. It may be that the 
presence of uremia prevents this arteriospasm in the renal arterioles. 


The period of survival of successive renal homografts from other donors 
was not shorter than that of the previous homograft. Implantation was done 
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after the previous homograft had ceased to funetion. This suggests that what- 
ever the mechanism may be for homograft rejection that specific ‘‘antikidney 
antibodies’? do not appear, and serial homografting of kidney is permissible. 

The presence of uremia did not appear to alter the survival of a renal 
homograft, and in this regard homotransplants of organs may differ from that 
of specific tissues such as skin.? Possibly the species is also of importance in 
the effects of uremia on homografts. 


SUMMARY 


1. Renal homotransplants in nephrectomized dogs function for the same 
period of time as in nonuremie¢ animals. 

2. Serially repeated homotransplants of kidney, implanted sequentially on 
the cessation of function of the previous homograft, are able to prolong the 
survival of bilaterally nephrectomized dogs for at least 4 weeks. This is opposed 
to a maximal survival of 6 days after bilateral nephrectomy in the dog treated 
hy conservative medical therapy. 

3. Renal homotransplants in nephrectomized dogs, although not functioning 
normally, are capable of restoring the blood urea and electrolyte values to 
normal levels in some cases. The clinical appearance of these dogs is markedly 
improved after renal homotransplantation. 

4. This work suggests that renal homotransplants might be of value in 
humans in acute renal insufficiency. We have not employed it clinieally. 


REFERENCES 


. Bricker, N. 8., Guild, W. R., Reardon, J. B., and Merrill, J. P.: Studies on the Fune- 

tional Capacity of a Denervated Homotransplanted Kidney in an Identical Twin 

With Parallel Observations in the Donor, J. Clin. Invest. 35: 1364, 1956. 

2. Dammin, G. J., Murray, J. E., and Couch, N. P.: Prolonged Survival of Skin Homo- 
grafts in Uremic Patients, Transplantation Bull. 3: 72, 1956. 

3. Dempster, W. J.: Kidney Homotransplants, Brit. J. Surg. 40: 447, 1953. 

4. Dempster, W. .J.: Observations on the Behavior of the Transplanted Kidney in Dogs, 
Ann. Roy. Coll. Surgeons England 7: 275, 1950. 

5. Grollman, A., Turner, L. B., and McLean, J. A.: Intermittent Peritoneal Lavage in 
Nephrectomized Dogs and Its Application to the Human Being, A. M. A. Arch. 
Int. Med. 87: 379, 1951. 

6. Hume, D. M., and Egdahl, R. H.: Progressive Destruction of Renal Homografts Iso- 
lated From the Regional Lymphaties of the Host, SurGERY 38: 194, 1955. 

7. Hume, D. M., Merrill, J. P., Miller, B. F., and Thorn, G. W.: Experiences With Renal 
Homotransplants in the Human: Report of 9 Cases, J. Clin. Invest, 34: 327, 1955. 

8. Merrill, J. P., Murray, J. E., Harrison, J. H., and Guild, W. R.: Suecessful Homo- 
transplantation of the Human Kidney Between Identical Twins, J. A. M. A. 160: 
277, 1956. 

9, Simonsen, M., Buemann, J., Gammeltoft, A., Jensen, F., and Jorgensen, K.: Biological 
Incompatibility in Kidney Transplants in Dogs, Acta path. et microbiol. scan- 
dinav. 32: 1, 1953. 

10. Williamson, C. S.: Further Studies on the Transplantation of the Kidney, J. Urol. 
16: 231, 1926. 

ll. Wu, P. P. T., and Mann, F. C.: Histological Studies of Autogenous and Homogenous 

Transplants of the Kidney, Arch, Surg. 28: 889, 1934. 


= 


COMPARATIVE STUDIES OF THE FUNCTION OF THE HUMAN 
VAGUS AND SYMPATHETIC NERVES RELATIVE TO THE 
PULMONARY BED 


Oster A. ABBort, M.D., ABRAHAM KapLAN, M.D. (By INviTATION), AND 
Tet H. Pane, M.D. (By Invitation), Emory UNIversity, Ga. 


(From the Division of Thoracic Surgery, Department of Surgery, Emory University Clinics, 
and Emory University School of Medicine) 


HERE is no accepted definition concerning the function of the autonomic 

nervous system relative to the pulmonary vascular bed. As late as 1955, 
Houssay** in referring to work by Cournand” states, ‘‘Recent work on the much 
discussed question of the regulation of the diameter of pulmonary vessels by 
vasomotor nerves seems to prove that this type of regulation does not exist.’’ As 
one delves into this subject a major degree of confusion presents itself. One 
notes frequent mention but possibly inadequate emphasis of the fact that ‘‘there 
is a considerable difference in the function of the autonomic nerves upon a single 
organ system in different species.’’ Neglect of this observation has led to some 
faulty presumptions relative to the function of the autonomic nervous system 
in the human by assuming that they would necessarily be the same as investiga- 
tive studies have revealed in the guinea pig, rabbit, cat, or dog. It has been 
shown that stimulation of the vagus nerve produces both vasoconstrictor and 
vasodilator impulses going to the pulmonary vessels with a predominance of a 
dilatation effect in the dog. In contrast to this, stimulation of the vagus nerve 
of the rabbit results purely in constriction of the pulmonary vessels.”° 


A further source for confusion results from a lack of appreciation of the 
interrelationship between the pressure in the pulmonary vascular bed and the 
pressure of the air within the tracheobronchial tree and alveolus. In a previous 
report by us® upon human patients it has been shown that there is a direct 
relationship between pulmonary artery pressure and the measured air pressure 
delivered into the trachea (hereinafter called I.T.V.P.) (Fig. 1). In studies of 
pulmonary artery pressure at thoracotomy, varying levels of intratracheal 
ventilation pressure (I.T.V.P.) produce a variation of the degree of expansion 
of the lung. Fundamentally, with optimal ventilation and the patient in the 
lateral decubitus position, pressure in the pulmonary artery to the uppermost 
lung will parallel the air pressure delivered into the trachea. Thus, a delivered 
air pressure of plus 10 mm. Hg on inspiration and 0 mm. Hg on expiration will 
be found to produce a pulmonary artery blood pressure of 12 mm. Hg and 2 
mm. Hg, respectively. If a ventilator producing a negative pressure on expira- 
tion is utilized, a negative pressure phase is produced in the pulmonary arterial 
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jumen if the patient is in the lateral decubitus position. On increasing the intra- 
tracheal ventilatory pressure to 20 mm. Hg (inspiration), the pulmonary arte- 
rial pressure will rise to the region of 20 to 25 mm. Hg (Fig. 1). In our studies 
to date it is our impression that such direct parallelism between the ventilatory 
pressure and the pulmonary artery pressure is only seen in the presence of a 
normal vascular bed as far as microscopic study of the blood vessel walls is 
concerned. 
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Fig. 1.—A, Tracings of pulmonary artery pressure (normal lung) taken at different 
levels of intratracheal ventilation pressure. Combined fast and slow recordings at 0 — 5 mm. 
Hg, 0 > 10 mm. Hg, and 0 > 20 mm. Hg are present. B, Further tracings of P.A.P. with a 
negative phase ventilator (Jefferson type) illustrating parallelism between intratracheal ven- 
tilation pressure and pulmonary artery pressure. 


If pulmonary arteriolo- or arteriosclerosis is present, the pulmonary artery 
pressure when studied at the minimal] intratracheal ventilatory pressure re- 
quired for adequate ventilation (hereinafter termed optimal ventilation pressure, 
O.V.P.) will be found to be elevated. Increasing the intratracheal ventilation 
pressure (I.T.V.P.) will produce a further increase in the pulmonary artery 
pressure, if the pulmonary vascular bed is only moderately severely sclerotic. 
As the degree of pulmonary vascular bed involvement progresses, the initial 
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pulmonary artery pressure study at the level of optimal ventilation pressiire 
(O.V.P.) a severely elevated pulmonary pressure will be present. It may 
require severe increases in such intratracheal ventilation pressure to produce 
significant further rise of the pressure within the pulmonary artery. While 
such an increase of pressure is being carried out, the distention of the alveoli 
may so add to the obstruction to pulmonary arterial flow that a very serious 
decrease in pulmonary venous flow and left ventricular filling results. Serious 


or almost eatastrophie declines in systemic arterial blood pressure*® can be pro- 
duced (Table I). 


TABLE I, 


CAPACITY OF HIGH VENTILATION PRESSURES TO AFFECT LEFT VENTRICULAR FILLING 
PATIENTS WITH PULMONARY VASCULAR BED SCLEROSIS 


NO. OF 
PA- EFFECT INCREASE VENT. P. FROM EFFECT DROP IN VENT. P. FROM 
TIENTS DISEASE 0-10 To 0-20 MM. lg 0-20 To 0-10 MM. Hg 
High P.A.P. unchanged High P.A.P. unchanged 
5 Mitr = 
Syst. B.P. drops 30-50 mm. Hg Syst. B.P. returns to normal 
> P.A.P. increased P.A.P. dropped 
-A.P. as P.A.P. pp 
s pngeome Syst. B.P. drops 40-60 mm. Hg Syst. B.P. returns to normal 
| EFFECT SEVERE RESPIRATORY | EFFECT RELIEF OF RESPIRATORY 
| 


| OBSTRUCTION OBSTRUCTION 


= 70/50 PA.P. = 22/10 
Syst. B.P. = 98/70 


Syst. B.P. = 30/0 


1 Mitral stenosi 


It would seem very appropriate at this time to mention studies of Katz and 
Jochim’® relative to the action of the autonomic nervous system upon the coro- 
nary blood vessels and coronary flow. Prior to their work the standard concept 
was that the sympathetic nervous system, when stimulated, produced a dilata- 
tion; and the parasympathetie nervous system, on stimulation, produced con- 
striction of the coronary arteries. Katz and Jochim’s studies, however, indicated 
that the vagi supplied only cholinergic dilator fibers to the coronaries, fibers 
which were tonieally active. In contradistinetion, the sympathetic nerves sup- 
plied both dilator and constrictive fibers, both of which were characterized as 
adrenergic and toniecally active; the constrictor fibers were considered to be 
predominant over the dilator influences carried out by the sympathetic nervous 
system. Subsequent work by Kountz, Pearson, and Koenig'® recorded findings 
relative to the autonomie nervous system upon the revived human heart. They 
noted that whenever the heart was not contracting normally the vagus nerve 
produced constriction and the svympathetie nerves produced dilatation of the 
coronary arteries. However, when a normal beat was resumed, stimulation of 
the vagus nerve produced a slowing of the heart, but there was a concomitant 
inerease in the coronary flow. On the other hand, sympathetie nerve stimula- 
tion resulted in acceleration of the heartbeat, but with concomitant reduction 
of coronary arterial flow. Therefore, they concluded that the autonomic nervous 
system had a direct action on the caliber of the coronary arteries, but they 
also had a coincident indirect effect on the flow by changes induced in the 
muscular activity. Therefore, they were able to predicate that coronary dilata- 
tion does not necessarily become synonymous with increased coronary arterial 
flow. We see, therefore, that one must appreciate in regard to the lung a similar 
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action whereby the degree of activity of the lung, namely, its amount of con- 
traction and relaxation, also has an effect upon pulmonary blood flow and also 
upon the pressures within the pulmonary artery and vein. 

Further consideration which adds to the difficulty of the problem is the 
realization that the autonomic nervous system also has a significant known 
action upon the bronchial and the bronchiolar musculature with resultant effects 
upon air flow, lung volume, and pressure within the alveoli. The tension therein 
must be considered to be capable of playing a significant role in effecting 
pulmonary blood flow and arterial and venous pressures. In addition, it is 
known that pulmonary blood flow and also the air flow in the lung can be 
significantly altered by chemical alterations in the circulating blood. Hypoxia 
and hyperearbia can individually or in combined form produce significant 
alterations. Finally, we must appreciate that the flow in the lesser circulation 
and the pressures within the pulmonary arteries have a specifie relationship to 
systemic arterial pressure, venous pressure, and cardiac output. 

What is the sum of the present experimental data relative to the effect of 
the autonomic nervous system upon the vascular bed? We have mentioned the 
response of the pulmonary artery pressure in the rabbit and dog. Samson 
Wright?‘ states, ‘‘Sympathetic nerve fibers supply the media of the pulmonary 
arterioles; sympathetic stimulation causes constriction of these vessels raising 
pulmonary artery pressure. The physiological significance of this nervous con- 
trol is unknown.’’ The work to which this refers involves a study in which no 
mention is made of a control of the degree of ventilation of the lung, either in 
regard to volume or measurements of the delivered intratracheal ventilatory 
pressure. We have repeatedly observed in our own laboratory® that it is 
necessary to vary the intratracheal ventilatory pressure in order to obtain 
optimal pulmonary expansion and ventilation throughout an operative proce- 
dure. The pressure required within the trachea varies apparently with the 
level of anesthesia. Our observations in the operating room on human patients 
have shown a similar situation. Furthermore, a different intratracheal ventila- 
tory pressure is required in the human or experimental animal depending upon 
whether one or both thorax cavities are open, and upon the position in which 
the patient is lying. Furthermore, if the patient is in the lateral position the 
pressure required for optimal ventilation varies with the size and weight of the 
mediastinal structures. In addition to these differences, we have also noted a 
significant difference in the optimal ventilation pressure (O.V.P.) required in 
different pathologie states of the heart or lung. 

It would seem as if our knowledge is more complete relative to the afferent 
fibers of the vagus nerve. In 1939, Harrison™ presented findings in this regard. 
He showed that if engorgement of the vessels of one lung is produced by 
obstructing the pulmonary vein there is a resultant marked increase in the 
speed of respiration. This effect is reflexly produced and can be abolished by 
cutting the vagus nerve on the affected side. In view of the significant role 
which intra-alveolar air pressure plays upon the pulmonary vascular bed, one 
must also summarize the present data relative to the autonomic nervous control 
of the bronehi and bronchioles. Wright?‘ describes that the smooth muscle fibers 
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of the bronchi receive dilator fibers from the sympathetic and constrictor filers 
from the vagus nerves. Klassen, Morton, and Curtis?’ demonstrated that elee- 
trical stimulation of the mucosa during bronchoscopy in humans causes pain. 
If a unilateral vagotomy is accomplished above the origin of the pulmonary 
plexus and immediately below the origin of the recurrent laryngeal nerve the 
following important changes occur: (1) cough reflex arising from the homo- 
lateral bronchial tree was abolished in all patients; (2) in the majority of 
patients pain of bronchial origin was abolished on the homolateral side; (3) 
bronchograms made during inspiration and expiration revealed no effects upon 
the normal respiratory movements of the bronchi and paralytic dilatation of 
the homolateral bronchi was not found; and (4) no gross changes were noted 
in the consistency of the bronchial secretions. We have had numerous occasions 
to make similar observations.’ * Our observations have shown that there is a 
definite eradication of both pain and cough reflex. The type of denervation 
described by Klassen and associates is incomplete inasmuch as subsequent ob- 
servations by us®> have shown a full return of sensitivity in such patients after 
one year. In order to obtain permanent anesthetization of the bronchus it has 
been necessary to transect numerous nerve fibers going from the recurrent 
laryngeal nerve on the left directly to the left mainstem bronchus. These fibers 
had not previously been described. On the right side a considerable amount of 
cross innervation from the left to the right vagus occurs through fibers coursing 
across the posterior surface of the lower trachea and under the carina reaching 
the right vagus nerve just above the level of the right upper lobe bronchus. 
Our observations have shown that if a complete vagotomy is performed, one 
not only produces a permanent loss of the sensitivity of the bronchial mucosa 
but also there is a visible and definite decrease or loss of contractile power in 
the mainstem bronchi below the level of the denervation. We do not feel, there- 
fore, that the observations of Klassen, Morton, and Curtis relative to bronchial 
musculature in response to vagotomy are necessarily valid. Their observations 
were based upon bronchograms following an incomplete vagotomy. In order to 
radiographically study the contractile activity of the bronchial musculature we 
would expect that cinefluoroscopie studies of Lipiodol-filled bronchi would be 
required. The human eye is not fast enough to notice the full details of the 
motility of the bronchus or esophagus when studied purely by fluoroscopy or 
serial roentgenograms. 

Experimenting upon anesthetized dogs Dixon and Brodie™ demonstrated 
that stimulation of the vagus nerve in the neck caused definite constriction of 
the bronchioles as evidenced by increase in lung volume. The same authors 
. showed that certain nerves arising from the stellate and adjacent thoracic 
sympathetic ganglia contain fibers whose stimulation produces bronchodilatation. 
Our own observations on the human have repeatedly shown that the lung will 
become less distended in the emphysematous patient or in the patient with 
bronchiectasis in a state of vagotonia upon direct block of the homolateral vagus 
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nerve. This has been demonstrated not only by direct vision and palpation, 
but also by pressure tracings taken within the pulmonary artery before and 
after interruption of vagus nerve function (Fig. 2). 

Let us consider a study performed under constant levels of intratracheal 
ventilation pressures. Prior to vagus block there may be no demonstrable 
variation in the systolic and diastolic pulmonary artery reading at the time of 
maximal inspiration and at the point of maximal expiration. Following vagus 
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Fig. 2.—Tracings demonstrating effect of increased respiratory excursion resultant to 
vagus block upon pulmonary artery pressure. Patient, Mrs. S. T., had diffuse active gran- 
uloma and emphysema. Preoperative MBC = 2,200 c.c./min.; increases to 3,000 c.c./min. after 
IV. Banthine. Tracings made at thoracotomy from left pulmonary artery. The _ intra- 
tracheal ventilatory pressure (V.P.) = plus 20 mm. Hg (insp.), 0 mm. Hg (exp.). B.P. con- 
stant throughout at 110/70 mm. Hg. Pulmonary artery pressure (P.A.P.) during maximum 
inspiration (M.I.) during maximum expiration (M.E.) and mean P.A.P. recorded. This illus- 
strates errors possible if one considers only highest recorded systolic and lowest diastolic 
Pulmonary artery pressures (P.A.P.) or solely mean P.A.P. Also indicates increased respira- 
ory excursion of lung resultant to vagus nerve block in bronchospastic patient. 
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nerve block a significant difference between the pulmonary artery pressure read- 
ing at the peak of inspiration and expiration are noted. A similar phenomenon 
may be noted on tracing of pulmonary venous pressure in the emphysematous 
patient (Fig. 3). 
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Fig. 3.—Pulmonary venous pressure tracings reflecting increase in respiratory excursion 
of lung resultant to vagus nerve block. Patient, Mrs. G. R., had right middle lobe bron- 
chiectasis lung parenchyma and vessels otherwise normal. Pulmonary venous pressure rises 
in response to increase in intratracheal ventilation pressure. Note tendency for vagus block 
to increase respiratory excursion both at maximal inspiratory ventilation pressures of 10 
or 20 mm. Hg. Also note vagus block tends to increase pulmonary venous pressure. 


Markowitz?’ in questioning the results of the studies of Dixon and Brodie 
earried out investigation involving the guinea pig, insisting that the thoraci¢ 
wall be kept intact. Upon stimulating the vagus nerve in the neck a severe 
ballooning of the lung is produced and he eoneludes, ‘‘clearly vagal stimulation 
has caused such a marked closure of the bronchioles as to abolish the rhythmical 
excursions of the lung in response to the insufflation.’? Gibbon, Bruner, Boch, 
and Lockwood'* demonstrated that phosgene when administered in sublethal 
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amounts to the dog produces a very significant parasympathetic stimulation 
effect. Overdistention of the lungs simulating hypertrophic emphysema is 
produced in such instances. It has long been the custom in management of 
human patients to administer sympathicomimetic drugs to produce bronchial 
relaxation in asthma. Similar bronchial dilators have been used in emphy- 
sematous patients.2? Extensive studies by us have similarly shown that 
atropine-like drugs produce an increase in maximum breathing capacity in 
bronchospastie patients.?, In patients, who have had bilateral sympathectomy 
extending from the first to the seventh dorsal ganglion, increase in maximum 
breathing capacity can still be produced by injection of atropine-like drugs 
intravenously. Furthermore, such sympathectomized patients will demonstrate 
a drop in pulmonary arterial blood pressure at rest and following exercise when 
tested by cardiac catheterization upon administration of such drugs.® Finally, 
human patients with emphysema who have undergone a complete unilateral 
pulmonary vagotomy will show no change in the maximum breathing capacity 
or vital capacity of the denervated lung in response to administration of large 
doses of atropine, while a significant increase in maximum breathing capacity 
and ventilation is produced in contralateral lung to which the vagus nerve is 
intact.? 


There has been a rather remarkable group of denervation procedures recom- 
mended for bronchial asthma. These have varied from the initial operations of 
Kiimmell?® incorporating sympathectomy through the attempts at pulmonary 
vagotomy by Reinhoff** to attempts at combined parasympathectomy and 
sympathectomy of the lung by both Blades* and ourselves. The capacity for 
denervated musculature to contract in the presence of an allergin to which the 
tissue is sensitive prevents any such surgical procedure when performed in the 
asthmatie patient from demonstrating any significant roll of the autonomic 
nervous system in regard to control of the bronchial musculature. Our experi- 
ence with denervation procedures in 97 human patients with pulmonary 
emphysema at present suggests to us that the overactive vagus nerve produces 
constriction of the bronchial and bronchiolar musculature, while blocking the 
sympathetic nervous system in such patients may inerease the degree of bron- 
chospasticity to alarming proportions prior to vagotomy.® 

A special interest in the pulmonary autonomic nervous system has recently 
been manifested by Bahnson.” He has utilized sympathectomy in a patient with 
pulmonary arteriosclerosis and has also been considering the use of sympathec- 
tomy in patients with patent ductus arteriosus of the reversal of flow type. 
One of us (O. A. A.) utilized sympathectomy in pulmonary arteriosclerotie dis- 
ease in 1947 and subsequently in 1949 and 1950. Objective evidence that any 
benefit was derived purely from the sympathectomy procedure in any of these 
3 patients has not been forthcoming. 


EXPERIMENTAL DATA 


Studies of the Effect of Nerve Blocks on Pulmonary Vascular Presswres.—Four years 
ago we began a study of the effect of pharmaceutical agents upon the pulmonary arterial 
pressure at the time of cardiac catheterization in emphysematous patients. Prior to the 
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fixed stage of the disease atropine-like drugs administered intravenously produced a dro; in 
pulmonary arterial pressure at rest and significantly depressed the degree of elevation of 
pulmonary arterial pressure in response to exercise. We also began studies upon the eivect 
of direct block of the vagus nerve in the human at the time of thoracotomy upon pulmonary 
arterial and pulmonary venous pressure in various disease states. A significant difference 
in the response to such block was noted in different diseases.6 In patients exhibiting bron- 
chospastie states, procaine block of the vagus nerve produced a decrease in the pulmonary 
arterial pressure at the optimal ventilation pressure (O0.V.P.). There was also a suppres: 
sion of the degree of elevation of pulmonary artery pressure produced by major increase of 
the intratracheal ventilatory pressure. In bronchospastie states the diastolic pressure of the 
pulmonary artery was reduced by blockade of the vagus nerve. In other diseases with no 
unusual degree of bronchospasticity no significant effect of vagus nerve block was obtained 
except for a definite tendency toward increasing the diastolic pressure within the pulmonary 
artery especially if the ventricular rate was increased by vagus nerve block. 

The present communication is concerned with a series of studies carried out upon the 
pressures within the pulmonary arteries in apparently normal human lungs and the effect 
of either direct vagus nerve block or procaine block of the sympathetic nervous system going 
to the involved lung. In addition a few studies are presented relative to the effect of vagus 
nerve block upon pulmonary venous pressure. 


Investigative Methods.—There has been an assiduous attempt to obtain certain standard 
basic conditions. The position of the patient on the operating table was noted, and in the 
majority of instances studies were carried out in the lateral position. The preoperative 
medication in all instances was similar, consisting of Seconal (96 mg.) and Demerol (75 to 
100 mg.) one hour prior to induction of anesthesia. Anesthesia was induced with sodium 
Pentothal. Atropine sulfate in dosage of 0.42 mg. (459 Gm.) was administered intra- 
venously at the time of induction prior to intratracheal intubation. Intubation is assisted 
by the administration of Anectine and the patient is kept in as light a plan as possible with 
Anectine and minimal fortification with sodium Pentothal during the remainder of the 
operative procedure. Prior to opening the thorax, optimal ventilation is maintained with a 
respirator of either the Rand-Wolff, Jefferson, or Stevenson type. The adequacy of ventila- 
tion is checked by periodic manual inflation of the lung and study of blood samples relative 
to pH, CO,, and oxygen content. No patient is administered atropine less than one hour 
prior to the studies of pulmonary vascular dynamics. The vessel to be studied is carefully 
and gently isolated making the utmost attempt to avoid any trauma to autonomic nerve 
fibers going to the lung. Handling or traumatizing the lung is avoided and optimal ventila- 
tion of the lung is maintained at minimal intratracheal ventilatory pressure. A No. 20 
needle for recording pressures is then introduced into the vessel under observation close to its 
point of emergence from the pericardium. Recordings have been made with the Sanborn 
recording apparatus with the operating table placed at the appropriate level to the 
transducer. The needle is held in place by an adequate length right-angle clamp and 
held so as not to interfere with the respiratory excursion of the lung. The level of 
intratracheal ventilatory pressure required for optimal ventilation (O.V.P.) is recorded, 
the systemic blood pressure is recorded, and a concomitant tracing of pulmonary arterial 
blood pressure is obtained. The intratracheal ventilation pressure is then increased to a high 
level of either 20 mm. Hg inspiration and 0 expiration (Rand-Wolff ventilation) or 25 cm. 
H,O inspiration and 0 em. H,O expiration (Jefferson). As soon as the desired level of 
intratracheal ventilation pressure is obtained, the pulmonary artery pressure is again recorded 
and a simultaneous recording of systemic blood pressure is made. One minute thereafter 
both the systemie and pulmonary artery pressures are again recorded. Earlier studies showed 
no valuable purpose was served by observations after the one-minute period. The intratracheal 
ventilation pressure is then returned to the initial or so-called optimal ventilation pressure 
and immediate pulmonary artery pressure and systemic blood pressure readings are recorded. 
These are repeated after a period of one minute. Following these recordings the needle is 
withdrawn, The appropriate nerve is now isolated and injected directly with procaine. If 
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a vagus nerve study is to be carried out the vagus nerve is injected as high as possible near 
the apex of the chest under direct vision while elevating the nerve with a nerve hook. In 
order to block accessory fibers coming across from the other side, further injection has often 
been carried out at lower levels. If the sympathetic nervous system is to be studied, the 
pleura over the sympathetic chain from the level of D7 up to D1 is incised and the sympathetic 
ganglia injected directly. Our early studies upon the sympathetic nervous system showed 
that injection through the pleura leaving the pleura intact produced an inadequate and 
incomplete block of the sympathetic nervous system. In addition, our earlier studies revealed 
that there was a distinct need to block the sympathetic nerve fibers coming across from the 
contralateral side carried by the adventitia of the pulmonary artery. Therefore, it was found 
advisable to surround the pulmonary artery adjacent to the pericardium with a strip of 
surgical sponge saturated with 1 per cent procaine, In some instances a small incision of 
the pericardium was made and the pulmonary artery ringed with procaine by injecting the 
substance between the layers of the pericardium adjacent to the artery. Ten minutes after 
injection of the appropriate autonomic nervous system the vessel under study is again 
entered with a needle and pulmonary artery pressure studies with concomitant systemic 
arterial blood pressure determinations are carried out at the levels of ventilation pressure 
previously mentioned for the same duration of time. A pulmonary biopsy was obtained and 
microscopic examination was carried out to evaluate the status of the vascular bed in the 
lung under study. Tracings obtained were then examined and the systolic and diastolic artery 
pressures at maximal inspiration (M.I.) and at maximal expiration (M.E.) were recorded. 
Analysis of this data was then made. 


CRITICISM OF THE METHOD 


Although the method has made a distinet attempt to maintain a constancy 
of the time relationship of the drugs given for premedication and induction of 
anesthesia, the patient’s capacity to destroy the drugs must remain an individual 
unknown factor. A second significant objection from the pharmacologic aspect 
is that these patients are receiving sodium Pentothal which is known to have a 
capacity to suppress the activity of the sympathetic nervous system. The 
Anectine utilized has a tendency to relax bronchospasticity if present, and the 
experiments have all been performed with Anectine, apnea, and controlled 
respirations. This, however, helps to eliminate some of the reflex responses 
upon respiratory rate and rhythm mitigated through afferent nerve fibers in the 
lung. For these experiments to be carried out under optimal conditions it 
would be desirable to have constant access to an analyzer of the Webster type 
whereby frequent recordings of PO, and PCO, could be obtained. Simultaneous 
oximeter findings would also appear to be desirable. Significant changes in 
blood pH, oxygen, or carbon dioxide content could significantly affect the 
vascular dynamies of the lesser circulation. In some of these studies we were 
only able to grossly assess these factors. Any visible evidence of anoxia was 
recorded, a major attempt was made to maintain a fully adequate oxygenation 
of the tissues throughout the procedure, and in some patients periodie check of 
blood pH has been carried out. In another study* presented elsewhere we have 
shown the effect of vagus nerve block upon pulmonary vein—pulmonary artery 
difference in oxygen and CO. content along with blood pI studies. In patients 
in whom the major underlying disease was neither pulmonary emphysema nor 
bronchiectasis, no significant alteration in pulmonary arterial, systemie arterial, 
or in the unilateral pulmonary venous blood gas content occurred during the 
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studies. Finally, a major objection lies in the fact that the site of nerve block 
used for both autonomic nervous systems also incorporated major fibers going 
to the heart. In this regard one may note that some difference in the degree 
but not in the direction of the response obtained when the study was carried 
out in the right or the left chest. We plan to test the effect of injection of the 
dorsal sympathetic ganglia from the third dorsal to the seventh dorsal level to 
study this objection. Animal experimentation pertaining to this aspect, is also 
in progress. 

Studies Relative to the Effect of Procaine Blockade of the Vagus Nerve.— 

Studies of pulmonary artery pressure: Studies relative to this group of 
patients consist in part of some which have previously been reported® and in 
addition some further patients in whom a probably more extensive block of the 
vagus nerve has been obtained. In both sets of patients a direct block of the 
vagus nerve was performed as close to the apex of the chest as possible. How- 
ever, in the later studies the nerve has been infiltrated throughout its course 
down to the level where we feel that all fibers merging over from the contra- 
lateral side will be included. Table II shows the results obtained in 6 patients 
in whom the pulmonary tissue could be considered within normal limits both 
relative to its parenchymal structure and its vascular bed. There seems to be 
a distinet trend for the patients in whom a more complete block was obtained 
by procaine or actual vagotomy to show a greater capacity toward lowering the 
pulmonary artery pressure. It has been of interest to us that there is a tendency 
for a distinetly different response in these patients after block relative to high 
ventilatory pressures than is noted prior to such block. In some instances there 
appears a distinct trend toward an elevation of the diastolic pressure in the 
pulmonary artery at normal levels of ventilation pressure. As was noted in our 
previous communication relative to such tracings in various diseases, this eleva- 
tion of diastolic pressure is not seen in the emphysematous patient in response to 
vagus nerve block but rather the reverse trend is noted. From the data pre- 
sented it would appear that in the normal lung there is a tendeney to decrease 
the diastolic pressure in the pulmonary artery at high level ventilatory pressure 
when the vagus nerve is blocked with procaine. An additional group of patients 
with localized unilobar bronchiectasis and an otherwise healthy pulmonary 
parenchyma was studied and recorded in Table III. Our previous studies have 
shown a greater tendency to bronchospasticity in the bronchiectatie patients 
than was seen in the normal lung. The diastolic rise during high ventilatory 


TasLeE IV. SuMMaAry: Errect VaGus NERVE BLocK ON PULMONARY ARTERY PRESSURE IN 
ESSENTIALLY NORMAL PULMONARY PARENCHYMA AND VASCULATURE 


NO. EFFECT OF VAGUS NERVE BLOCK 
PATIENTS DISEASE P.A.P. UP |DIASTOLIC UP| P.A.P. DOWN | NO EFFECT | B.P. 
2 Granuloma 0 1 1 0 None 
2 Carcinoma 0 1 0 1 None 
2 Coarctation 0 0 2 0 Rises (1) 
3 Bronchiectasis 0 2 1 0 None 


General trend: To increase diastolic pressure at higher ventilatory pressure levels and 
to lower pulmonary artery pressure, especially at higher ventilatory pressure levels. 
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pressure again appears to be restrained by vagus nerve block. There is also 
some tendency toward a decrease in pressures at all levels of ventilatory pres- 
sure seen in this group of bronchiectatie patients. 

A summary of the findings in this group of 9 patients is presented in 
Table IV. Striking effects upon the systolic pressure in this patient group are 
noted. The major effect appears to be an alteration in the response of the 
diastolic pressure at high ventilatory levels. In patients with a tendeney toward 
bronchospasticity our studies have shown a constant trend to a decrease in 
pulmonary artery pressure at both normal and high ventilatory pressure levels 
in response to vagus nerve block. As seen in Fig. 6 the arterial pulsation after 
block covers a greater range when one compares pulsations during maximum 
inspiration and maximum expiration. 


Studies relative to the pulmonary veins: Our studies relative to the effect 
of blockade of the autonomic nervous system upon the pressure within the 
pulmonary veins in the human at present are quite limited. Tables V and VI 
relate data at present available concerning the effect of procaine blockade of 
the vagus nerve upon the pulmonary venous pressure. Here again 2 distinctly 
different groups of patients are presented. In Table V the patients noted have 
essentially normal pulmonary parenchyma and vascular beds. In the one 
patient with bronchiectasis the studies relative to the pulmonary vein reflect a 
somewhat similar situation as that seen concerning the arteries. There is a 
distinetly greater excursion of the lung following vagus block. Fig. 4 shows 
the phenomenon of greater excursions during respiratory excursions in relation 
to the pulmonary vein in a patient with essentially normal pulmonary pa- 
renchyma. There seems to be some tendeney for the normal pulmonary vascular 
hed to respond with an elevation of pulmonary venous pressure after the vagus 
nerve is blocked. 

In the group of patients having demonstrable parenchymal lung disease or 
cardiovascular disease the response pattern tends to be quite different. The 
results are shown in Table VI. In a patient in whom there is a significant 
degree of bronechospasticity such as severe hypertrophic emphysema mixed with 
bullous emphysema or with a granuloma in an emphysematous patient, the 
pulmonary venous pressure drops to a significant degree upon block of the 
vagus nerve (Fig. 5). In a patient with a patent ductus arteriosus in whom 
the pulmonary artery pressure was within normal limits and the pulmonary 
parenchyma essentially normal we see a response quite comparable to that seen 
in Table V, namely, a tendency to raise the pulmonary venous pressure at 
normal levels but without the tendency to drop the diastolic pressure in the 
pulmonary vein. Changes seen in the other patient with mitral stenosis prob- 
ably reflect only the response of the heart and would not seem to contribute to 
the problem under discussion. 

A summary of the effects noted is presented in Table VII. Again one must 
mention that some of the data were obtained from our earlier studies wherein an 
absolutely complete block of the vagus nerve may not have been obtained. 
General tendency noted is that in the absence of bronchospasm the vagus nerve 
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block seems to result in an elevation of pulmonary venous pressure particularly 
when the ventilation pressure is increased. Tendency for the diastolic pressure 
to be decreased at high levels of ventilatory pressure is noted. 


i 


re 


+4 


Fig. 4.—Pulmonary arterial and venous pressure tracings. Response seen in moderate 
bronchospastic states. Patient H. G. had mixed bullous and hypertrophic emphysema. 
Tracings show capacity of increasing pulmonary artery pressure by increasing the ventilatory 
pressure (graphs A and <A!). Graphs B and B' show the effect of increasing ventilatory 
pressure on pulmonary venous pressure. Graphs C and C! show the pulmonary venous pressure 
drops after vagotomy in pulmonary emphysema. 


Studies Relative to the Sympathetic Nervous System.—The first important 
factor relative to studies of the sympathetic nervous system consisted of devising 
an adequate method for obtaining complete block of the sympathetic nerves 
going to the lung. Experiences with an initial group of 4 patients in whom 
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Fig. 5.—Pulmonary arterial and venous pressure tracings. Response seen in severe 
bronchospastic states. Patient J. B. had severe hypertrophic pulmonary emphysema. Graphs 
A and <A! show significant drop in pulmonary artery pressure subsequent to right vagus 
nerve block. Graphs B and B' show striking drop in pulmonary venous pressure after 
blockade of right vagus nerve at ventilatory pressure of 10 mm. Hg. Graphs C and C’ show 
less dramatic but significant drop in pulmonary venous pressure even at ventilatory pressure 
= 20 mm. Hg. Microscopic study shows a healthy pulmonary vascular bed. 
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SUMMARY: EFFECT VAGUS NERVE BLOCK ON PULMONARY VEIN PRESSURE 
NORMAL AND ABNORMAL PULMONARY PARENCHYMA 


TABLE VII. 


| EFFECT ON 


NO. OF LUNG EFFECT OF VAGUS NERVE BLOCK _| BLOOD 
PATIENTS STATUS DISEASE P.V.P. UP | P.V.P. DOWN | NO EFFECT | PRESSUR} 
2 Normal Granuloma 2 0 0 None 


1 Normal R. M.L. bron- 1 0 0 None 
except chiectasis 
R. M. L. 


1 Normal Patent ductus 1 0 0 None 
1 Normal Mitral stenosis | 0 0 Lowers 
1 Abnormal Emphysema 0 I 0) None 
1] Abnormal Granuloma 0 1 0 None 
with bron- 
chospasm 
General trend: In the absence of bronchospasm, vagus block tends to elevate pulmonary 
venous pressure especially if ventilatory pressure is increased. The increase in pulse rate 


resultant in mitral stenosis tended to decrease blood pressure. 


the sympathetic nerve chain was blocked from the level of the first dorsal to the 
seventh dorsal ganglion by means of injecting procaine through the pleura over 
the area of the sympathetic chain produced a drop in systemic blood pressure 
in one patient and no effect upon the others. The pulmonary arterial blood 
pressure paralleled the changes in the systemic blood pressure and no demon- 
strable effect was noted. We then decided to incise the pleura over the ganglia 
and to inject the ganglia directly with procaine. This tended to produce a drop 
in systemie blood pressure with much more consistency but the pulmonary 
arterial blood pressure showed only a tendeney to reflect the changes in systemic 
blood pressure. We then devised a method whereby the pulmonary artery was 
cleanly dissected out adjacent to the pericardium prior to taking the initial 
preblock pulmonary artery pressures. After the initial pressure reading was 
obtained, the pleura over the dorsal ganglion was then incised and the sympa- 
thetic chain injected under direct vision. Concomitantly a narrow strip of 
surgical sponge of the type commonly used in neurosurgery which had been 
previously soaked in 1 per cent procaine solution was placed about the exposed 
area of the pulmonary artery. When this method of approach was utilized we 
began to see a striking difference in response. Whereas previously if a drop in 
systemic blood pressure were obtained the changes in pulmonary artery pressure 
were purely a reflection of the same, we now revealed a significant tendeney for 
the pulmonary artery pressure to be elevated following sympathetic nerve 
blockade or to persist at its original level despite a significant drop in systemic 
blood pressure (Figs. 6 and 7). The results of such studies earried out by this 
method are revealed in Table VIII. The 5 patients in this group had essentially 
normal pulmonary tissue. The 3 patients with granuloma had these lesions in a 
peripheral site and the remainder of the pulmonary tissue appeared normal 
grossly and microscopically. The patients with pneumonitis of the lingula had 
a purely localized abnormality. The first patient presented in Table VIII shows 
the type of record which is obtained when the pulmonary artery adventitia is 
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not anesthetized. Fig. 6 demonstrates the more characteristi¢ response in which 
there is no essential change in the pulmonary artery pressure despite a sig- 
nificant drop in systemic blood pressure from the level of 150/100 to 126/92. 
In Fig. 5 the most striking response is seen. Here pulmonary arterial pressure 
is increased to a very significant degree. There is some definite tendency to see 
a greater elevation of pulmonary artery pressure when the studies are carried 
out on the right side. The numerous vagus fibers going across over the’ anterior 
surface of the left pulmonary artery partially confuse the examination on the 
left side of the chest. When the main right pulmonary artery is dissected out 
deep in the mediastinum, circumferential wrapping of the pulmonary artery 
with procaine-soaked sponge strip presents a more pure type of experimental 
procedure. One is tempted to conclude that there may be a considerably 
different role of the sympathetic nervous system relative to the heart on the 
left and right side. The present presumptive evidence indicates that the ma- 
jority of afferent sympathetic nerve fibers coming from the heart are located on 
the left side.2* The true localization of the efferent fibers going to the heart 
have not yet been definitely outlined.'* 
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Fig. 6.—Tracings illustrating response to sympathetic nerve block on the left side. 
Patient J. R. C. had peripheral granuloma. Pulmonary parenchyma and vessels normal. 
Tracings of left pulmonary artery pressure obtained at thoracotomy prior to and after direct 
procaine (1 per cent) block sympathetic ganglia D1 through D7, pulmonary artery adventitia 
Saturated with procaine. Note that no significant change in P.A.P. occurred despite drop 
of systemic blood pressure from 152/100 to 126/92. Mean B.P. (preblock) = 125; postblock = 


112 mm. Hg; mean P.A.P. (preblock) = 24; postblock = 25 mm. Hg. 


In 3 patients with pulmonary emphysema the sympathetic nervous system 
going to one lung was blocked. The response in 2 patients is revealed in Table 
IX. Again we see a tendency toward a rise in the pulmonary pressure even 
when the systemic blood pressure falls. In the third patient in this group, 
injection of the sympathetic system was followed by such a severe degree of 
bronechospasticity that immediate blockade of the vagus nerve had to be carried 
out in order to complete the operative procedure with safety. 


Table X presents the data relative to the svmpathetie nerve block in sum- 
mary form, The over-all trend is definitely that the sympathetic nerve block 
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TABLE X. SumMMARY: ErFrecr SYMPATHETIC NERVE BLOCK ON PULMONARY ARTER\ 
PRESSURE IN ESSENTIALLY NORMAL PULMONARY PARENCHYMA AND EMPHYSEMA 


EFFECT OF SYMPATHETIC NERVE BLOCK 


NUMBER RELATIVE 
OF PAS. P.A.P. NO B.P. 
LUNG | PATIENTS DISEASE P.A.P. UP RISE DOWN EFFECT RESPONSE 
Normal 3 Granuloma 1 2 0 0 Decreased — 
(2) 
1 Hiatus None 
hernia 
1 Lingual 0) Decreased 
pneum. 


Diseased 2 Hyper- Decreased 
trophic (1) 
emphy- 
sema 


*Sympathetic block incomplete, no block of pulmonary artery adventitia. Over-all 
trend: sympathetic block tends to drop systemic blood pressure while the pulmonary artery 
remains the same or increases. 


tends either (a) to drop the systemic blood pressure without producing a con- 
comitant drop in pulmonary artery pressure (relative rise in P.A.P.) or (b) in 
some instances a significant rise in pulmonary artery pressure occurs resultant 
to the block. The most striking changes appear to oceur in studies on the right 
side. The general pattern of behavior in 3 emphysematous patients compared 
with 5 patients with essentially normal lungs is similar in course but greater 
in degree. 


SUMMARY AND CONCLUSIONS 


We have presented a summary of the knowledge at present available rela- 
tive to the function of the autonomic nervous system relative to the pulmonary 
vascular bed. Our studies in the past have shown the marked influence which 
the ventilation pressure within the trachea may exert upon pressure readings 
in the pulmonary arteries and veins. Inadequate appreciation of some previous 
investigators relative to this interrelationship casts serious doubt upon the 
validity of their conclusions. In view of the very significant effects which lung 
volume and the air pressure within the alveolus may have upon the vascular 
bed of the lung, it was felt necessary to review our knowledge relative to the 
function of the autonomie nervous system on the bronchus and the bronchiole. 
Emphasis has also been placed upon the need to have stable conditions in regard 
to oxygenation and earbon dioxide content of the blood in studies of this type. 

The present communication has consisted of a study relative to the pul- 
monary artery in patients with essentially normal pulmonary parenchyma, pul- 
monary vascular bed, and cardiovascular system. The effects of vagus nerve 
blocks upon pulmonary artery and pulmonary venous pressure in such patients 
is reported. Studies relative to blockade of the sympathetic nervous system 
upon pulmonary artery pressure have also been carried out. This required the 
development of a new experimental method whereby this system could be ade- 
quately blocked. The effect of sympathetic nervous system block upon venous 
pressure is not ineluded within this report but will be submitted later. 
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CONCLUSIONS 


From the data presented above we feel justified in making the following 
conclusions. 

1. An adequate knowledge of the aetion of the autonomic nervous system 
upon the vaseular and ventilatory bed of the human lung is not yet obtained. 

2. The action of the autonomic nervous system in one species does not 
necessarily parallel its action in another species. 

3. Studies of the action of the pulmonary autonomic nervous system require 
adequate monitoring of (a) ventilation pressure, (b) systemic arterial pressure, 
(ce) eardiae status and output, and (d) blood gases and pH. 

4. Data obtained from clinical or objective studies of asthmatic patients 
undergoing denervation procedures do not pertain because of the persistent 
contractile eapacity of sensitized denervated musculature. 

5. A useful technique for the study of the effect of autonomic nerve block- 
ade upon human pulmonary vascular dynamics at the time of thoracotomy has 
been devised. From such studies we have found that: 


6. Vagus nerve block may produce a greater respiratory excursion of the 
lung, which will be reflected upon pressure tracings obtained from the pulmo- 
nary artery or vein. 

7. (a) Proeaine block of the vagus nerve does not produee striking effects 
on pulmonary artery pressures at optimal ventilation pressure in normal eardio- 
pulmonary states. Such patients do show a capacity to lower diastolie pul- 
monary artery pressure after vagus nerve block at high ventilation pressure 
levels. (b) Vagus nerve block in bronchospastie patients results in a decrease 
in systolie and diastolic pulmonary artery pressures at both optimal and elevated 
ventilation pressures. 

8. The effect of vagus nerve block upon pulmonary venous pressure reflects 
both the changes in lung motility and pulmonary artery pressure resultant to 
such a block. (a) Pulmonary venous pressure in normal lungs tends to rise in 
response to vagus nerve block. At high ventilation pressure levels a tendency 
toward lowering of pulmonary venous diastolic pressure is produeed.  (b) 
Bronchospastie patients demonstrate a lowering of pulmonary venous pressure 
(both systolic and diastolic) after vagus nerve block both at optimal and high 
ventilation pressure levels. 

9. Block of the sympathetic nervous system to one human lung produced 
either a relative or actual rise in ipsilateral pulmonary artery pressure in both 
normal and bronchospastic pulmonary states. 

10. The autonomic nervous system does have a significant potential relative 
to pulmonary vascular pressures. To what degree this response occurs passively 
secondary to the effect produced upon pulmonary air flow and intra-alveolar 
pressures or directly from a primary change in the blood vessel wall is not 
determined. 
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DISCUSSION 


DR. DONALD J. FERGUSON (Minneapolis, Minn.).—Dr. Abbott is quite correct in 
emphasizing the confusion in this field. It has been taught for a long time that the pul- 
monary circulation behaves passively in response to increased flow of blood or an increased 
eapacity for holding blood. I do not think that Dr. Abbott would quarrel with this supposi- 
tion. His denervation or blocking procedures have involved a good deal more than just the 
pulmonary arterioles, a fact which is one of the main stumbling blocks in investigations of 
this sort. 


Some recent observations have been made on this problem by increasing very markedly 
the pressure and flow in a very small segment of dog lung. By connecting a systemic artery 
to a segment amounting to 6 per cent of the total lungs, the segment is perfused with fully 
oxygenated blood, and the amount is not sufficient to raise the left atrial pressure, which is 
a very important factor. 


In this sort of experiment, the arterial pressure can be raised to 4 or 5 times the normal 
resting pressure; the flow at the same time is raised to 17 or 18 times the normal; and the 


» 1957 
1 
1 
1 
1 
] 
1 
1 
] 
] 
2 


Volume * AUTONOMIC NERVOUS SYSTEM RELATIVE TO PULMONARY BED 1983 


Number 


end point is reached when pulmonary edema develops. If then the lung is denervated by 
stripping the hilar structures and cutting the nerves which are visible there, the amount of 
pressure and flow which can be tolerated in the pulmonary artery is substantially reduced. 

This observation suggests the hypothesis that under normal circumstances the pulmonary 
circulation behaves in a passive fashion, but there is an upper limit of distensibility where 
active vasomotor action comes into play, and it plays the role of protecting the capillaries 
from extensive arterial pressure. This would operate, of course, under extraordinary cir- 
cumstances such as the presence of a large left-to-right shunt. 

This hypothesis would also tie in with an observation made previously that the primary 
change in pulmonary vessels produced by experimental hypertension is hypertrophy of the 
media of the small arterioles, suggesting that these arterioles have been actively constricting 
in response to the increased pressure. We have also made some observations on the chronic 
effect of shunts in lungs with and without denervation. It has become apparent that 
arteriosclerosis can be produced in the denervated lung with about the same frequency as in 
the innervated lung. 


DR. ABBOTT.—One must stress that there is more than one way to create resistance 
to pulmonary arterial flow in an organ having 2 major circulations, namely, that of blood 
and that of air. Therefore, medial thickening of the pulmonary arteries and arterioles does 
not demand that contractile activity of the pulmonary vascular wall has acted as the sole 
source of resistance to pulmonary blood flow. If one produces an increase in intra-alveolar 
air pressure, the resultant compression of the finer elements of the pulmonary vascular bed 
will produce (a) elevation of pulmonary arterial pressure, (b) decrease in pulmonary blood 
flow, or (c) both increased pulmonary artery pressure and decreased blood flow. We con- 
tend, therefore, that pulmonary medial sclerosis can result from prolonged increase in intra- 
alveolar air pressure. 

The marked effect of variation of air flow and air pressure upon the pressures within 
the pulmonary artery and vein suggest that much of the control of the lesser circulation can 
occur passively relative to the status of the air circulation. Thus, the rise in pulmonary artery 
pressure by blockade of the sympathetic nervous system may well be resultant in the main 
to the degree of bronchospasticity produced by the maneuver. 

The work of Kountz, Pierson, and Koenig upon the action of the autonomic nervous 
system upon the revived human heart provides an interesting correlation to the above. They 
showed that the vagus nerve produced a vasoconstriction effect upon the coronary arteries, 
but despite this there resulted an actual increase in coronary flow due to the slowing of heart 
rate allowing a greater diastolic filling of the coronaries. Thus, the state of the host 
musculature can outweigh, at least in part, the direct effects of the autonomic nervous system 
upon the blood vessel walls. In view of the lesser muscular content of the pulmonary arterial 
walls and the marked effect which can be produced on the highly muscular bronchial tree by 
the autonomic nervous system, one is tempted to contend that the major control which the 
autonomic nerves can exert upon the lesser circulation may be carried out predominantly 
through the agency of the bronchial and bronchiolar musculature. 
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HE adrenal corticosteroids have a protound effect upon many metabolic 

processes" and are essential to life. Numerous investigators have demon- 
strated that both the plasma levels and the urinary excretion of these sub- 
stances are increased during stress, presumably to enhance the ability of the 
individual to withstand the stress—and certainly patients with relative adreno- 
cortical hypofunction may be thrown into acute insufficiency by operation. 
Therefore, since it is often necessary to substitute replacement therapy for 
endogenous corticosteroid production, it is of practical interest to learn not 
only the relative preponderance of the steroids normally present but also the 
approximate amounts of the various hormones secreted each 24 hours in health 
and in disease. 

Romanoff, Hudson, and Pincus,” using a large sample (500 ml.) of human 
adrenal vein blood taken at adrenalectomy, found that hydrocortisone repre- 
sented a very high proportion (approximately 90 per cent) of the corticoste- 
roid secretion, and it is now believed that hydrocortisone normally represents 
more than 80 per cent of the corticosteroid output of the adrenal cortex.'® 

The primary objective of the present study was to determine the rate of 
hydrocortisone secretion by means of timed collections of left adrenal vein 
blood taken at operation. A secondary objective was to gain further informa- 
tion regarding the mechanism and significance of the conjugation process. 

Bondy and Altrock' utilized left renal vein catheterization in man to esti- 
mate the amount of corticosteroid substances delivered by the left adrenal 
eentral vein (Fig. 1) and reported a rate equivalent to from 15 to 25 mg. of 
hydrocortisone per day. The limitations of the method were emphasized, par- 
ticularly the errors that might arise from incomplete mixing of adrenal blood 
with renal blood and from inaccuracies in measuring renal plasma flow. 

Hume and Nelson® cannulated the adrenal vein in dogs and measured 
directly the rate of corticosteroid secretion in nonstressed animals and dur- 
ing shock. In addition, various workers have offered estimates of hydrocorti- 
sone secretion as reflected in the urinary exeretion of corticosteroid or ‘‘eor- 
ticoid’’ substances. 


This work was supported by Army Contract No. DA-49-007-MD-627 between the Uni- 
versity of Mississippi and the Oftice of The Surgeon General, Department of the Army. 
957 Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9. 
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TECHNIQUE AND METHODS OF THE PRESENT sTUDY* 


The anatomic relationships of the left adrenal gland render it reasonably 
accessible at laparotomy, and collections of blood flow through its central vein 
can readily be made. Whereas the organ is supplied by several small arteries, 
virtually the entire venous drainage flows through the central adrenal vein 
and enters the left renal vein approximately opposite the entrance of the left 
ovarian vein (Fig. 1). This central vein measures from 2 to 4 mm. in diameter 
and from 2 to 3 em. in length in most patients. 


PANCREAS 


CENTRAL ADRENAL 
VEIN 


/ 
DUODENUM YEJUNUM 


_, Fig. 1.—The left adrenal area. Note that the central vein, through which courses 
virtually the entire venous drainage of the adrenal, is a vessel of significant size. The left 
ovarian vein joins the renal vein just distal to the adrenal vein. Timed blood samples may 
readily be collected from either vessel. 


Through almost any upper abdominal midline or paramedian incision, the 
gastrocolic ligament can be divided and the pancreas visualized. After the 
posterior peritoneum has been incised along the inferior border of the pan- 
creas, this organ can be retracted cephalad and the jejunum downward, expos- 
ing the area of the left adrenal as it lies between the upper pole of the left 
kidney and the aorta. By first palpating the left kidney, the probable course 
of the left renal vein is noted; this vessel is then exposed, its sheath opened, 
the adrenal vein identified, and a silk ligature double-looped loosely around 
it at its junction with the renal veiy. The adrenal vein may then be traced 
cephalad and the left adrenal gland positively identified. By inserting a 17 
or 18 gauge needle that has been bent to an angle of approximately 75 degrees, 
one can enter the adrenal vein just distal to the silk loop, which is now temporar- 
ily tightened to occlude the adrenal vein; by suitable aspiration the free flow of 
the left adrenal vein can be collected over a timed interval. In some patients 
the collection is obviously not accurate, but in the majority the collections 
are satisfactory and there is no leakage around the needle. To be sure, there 
do exist patients in whom the adrenal is drained by several other smaller veins, 
in some of whom the flow by alternate channels may be significant. Further- 
more, it may happen that the suction exerted on the needle introduced into the 


*A preliminary report of this work was published.‘ 
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adrenal vein is such as to collapse the vein and thus to decrease the rate of 
flow per minute, in which ease the blood that is obtained is relatively low in 
volume but unusually high in corticoid content; this would appear to reflect 
the fact that the adrenocortical secretion is in this particular respect independ- 
ent of the rate of blood flow. 


Complications of the Operative Exposure.—Experience with the exposure of 
the central adrenal vein facilitates this exercise and shortens considerably the 
time required for this extension of the dissection at laparotomy. Whereas 
initially this phase of the operation required from 30 to 40 minutes from the 
beginning of the exposure to the restoration of adrenal vein blood flow, this 
later required less than 20 minutes. 

The complications that occurred were as follows: (1) In one patient the 
splenic capsule was torn slightly by a retractor, rendering it advisable to 
remove the organ to avoid any possibility of postoperative hemorrhage. (2) 
Possible mild postoperative pancreatitis occurred in one subject, though this 
condition was not definitely proved and, if present, might have been due to 
the gastric resection itself. (3) Perhaps the most troublesome circumstance 
was that of injury to a large branch of the superior mesenteric vein by an 
energetic assistant wielding a Deaver retractor. This vein had not been 
formally exposed, and bleeding was brisk each time compression was removed 
to permit dissection and visualization of the defect. However, after the per- 
foration had been exposed it was a simple matter to suture the defect with 
arterial silk. (4) Certainly the most common minor problem was failure of 
the puncture site in the thin-walled adrenal vein to stop bleeding with simple 
pressure, requiring suture of the puncture wound with arterial silk. Yet, in 
no instance was it necessary to ligate the adrenal vein. Except for the first 
few, most of the adrenal vein exposures were performed by the resident doing 
the main operation. In no instance did a complication seriously affect the post- 
operative course. The adrenal vein was not exposed in any patient whose con- 
dition contraindicated this extension of the primary operation. 

The chemical methods used to measure the concentrations of free and 
conjugated hydrocortisone in systemic, portal, and adrenal venous blood were 
those of Nelson and Samuels® and of Bongiovanni.” 


RESULTS 


The cumulative data are presented graphically in Fig. 2. There was a 
prompt rise in systemic plasma levels of both free and conjugated hydrocorti- 
sone during operation. The preoperative control values for free and con- 
jugated forms were 5.6 and 7.8 gamma per 100 ml. of plasma, respectively ; 
24.0 and 16.7 gamma during operation; and 9.9 and 25.2 gamma 4 hours fol- 
lowing operation. In general, the rise in hydrocortisone levels which occurred 
during operation had subsided by the end of from 24 to 48 hours. It is usu- 
ally assumed that the conjugated forms of hydrocortisone are relatively in- 
active metabolically. 

In adrenal venous blood, the plasma concentration of free hydrocortisone 
averaged (10 patients) 224 gamma per 100 ml. and that of conjugated 
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hydrocortisone 125 gamma per 100 ml. The adrenal plasma flow averaged 
12.5 ml. per minute, but there was considerable variation. 


Hydrocortisone Output.— 
Estimation of hydrocortisone secretion per minute: Since the econcentra- 


tion of free hydrocortisone in systemic blood during operation averaged 24.0 
gamma per 100 ml. of plasma and that in adrenal venous blood 224 gamma, the 
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Fig. 2.—Effect of surgery on adrenal vein and systemic hydrocortisone plasma levels. 
Preoperatively the systemic plasma levels of free and conjugated hydrocortisone were ap- 
proximately equal, the latter being only slightly higher; during operation, the systemic plasma 
level of free hydrocortisone was increased over that of the conjugated forms, probably re- 
flecting the increased secretion of the free steroid in the adrenal vein blood; four hours 
following operation, however, the plasma level of the conjugated forms was higher than that 
of the free steroid, apparently due to the fact that the excess of free hydrocortisone had 
been rapidly conjugated (inactivated). Though the concentration of free hydrocortisone in 
adrenal vein plasma was much greater than that of the conjugates, the high concentration 
of hydrocortisone conjugates relative to their concentration in the arterial plasma entering 
the adrenal gives some support to the possibility of extrahepatic conjugation, though most 


conjugation is accomplished in the liver. 


HYDROCORTISONE OUTPUT 
(Based on Plasma Content)* 
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Fig. 3.—Hydrocortisone output per minute and per 24 hours. The value of 34 mg. 
approximate accord with previous measurements achieved by indirect means. 


left adrenal gland would appear to have effected an increase of approximately 
200 gamma per 100 ml. of plasma flowing through it. Therefore, since the 
average plasma flow per minute was 12.5 ml. (total blood flow, 25 ¢.c.), the 
output of free hydrocortisone per minute by the left adrenal gland may have 
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been one-eighth of 200 gamma, or 25 gamma; similarly, the output of eo- 
jugated hydrocortisone by the left adrenal per unit was 13.6 gamma. Thuis, 
25.0 gamma plus 13.6 gamma gives a total of 38.6 gamma of hydrocortisone, 
free and conjugated, that was secreted by the left adrenal gland per minuic 
during stress. If the right adrenal secreted a like amount, the total hydro- 
cortisone secretion of both adrenals during operation was on the order of 77 
gamma per minute (Fig. 3), red cell content not considered (see below). 
Estimation of hydrocortisone secretion per 24 hours: This was done hy 
assuming that adrenal vein hydrocortisone content during operation was in- 
creased by the same proportion as systemic blood hydrocortisone content was 
increased. On the basis of the estimate of 77 gamma of total hydrocortisone 
produced per minute during stress, the output during 24 hours of such stress 
would have been on the order of 111 mg. of hydrocortisone; the secretion in 
the nonstressed subject might have been on the order of 34 mg. per 24 hours. 
If one adds an increment of approximately 25 per cent for the red cell con- 
tent of hydrocortisone,’ then the normal daily secretion of hydrocortisone 
might be on the order of 47 mg. 


DISCUSSION 


Validity of Results Obtained.— 

Measurements of adrenal blood flow: There was considerable variation in 
the values for adrenal blood flow per minute obtained in different patients. 
However, in the 10 patients whose values are reported, there was no leakage 
around the needle and there was no reason to believe that the collection of 
adrenal vein blood flow over a timed interval was not substantially correct. In 
patients in whom the aspiration pressure collapsed the vein and rendered it 
questionable that free flow of blood through the gland had occurred, the 
measurement was not used in obtaining an average value for flow per minute. 

Stress and hydrocortisone secretion: That the markedly stressed subject 
ean maintain the secretory rate of 77 gamma per minute might be questioned, 
but the severely burned patient excretes large amounts of corticoids for many 
days and even to death in fatal cases where death is not preceded by prolonged 
shock with oliguria.* In fact, hydrocortisone secretion may be more than 111 
mg. in the severely burned young adult. 

ITydrocortisone in adrenal blood vs. peripheral blood: More open to ques- 
tion is the assumption that the hydrocortisone output in adrenal vein blood 
during stress is increased over the normal level by the same proportion that 
the systemic plasma level is increased over the preoperative level. However, 
this assumption is rendered more tenable by studies with labeled hydrocorti- 
sone, which showed that hydrocortisone utilization was not measurably in- 
creased by the stress of need.’ Furthermore, the rate of hydrocortisone secre- 
tion preoperatively was surely less than that measured during operation. 

Since the values obtained by indirect methods agree closely with the 
estimates achieved through direct sampling of adrenal vein blood in the pres- 
ent study, it would appear reasonable to conclude that the normal output of 
hydrocortisone is on the order of 40 mg. per 24 hours. Moreover, this value 
is in fair agreement with the dosage of hydrocortisone required safely to main- 
tain patients who have undergone bilateral adrenalectomy. 
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Significance of Hydrocortisone Conjugation.—Hydrocortisone, the prin- 
cipal glueosteroid, is secreted into the adrenal blood as a steroid aleohol. A 
large part of this free hydrocortisone aleohol is quickly converted to the 
tetrahydro form and exereted by the kidney as a glucuronide conjugate, a 
smaller portion as a sulfate conjugate. Thus, it would appear that the con- 
jugation process may represent an event or series of events which inactivate 
the steroid hormone and prepare it for rapid renal excretion, since the selec- 
tive renal excretion of the conjugated form of steroids is well established. In 
a previous communication’® we reported that whereas the presence of the liver 
permits rapid conjugation of most of the hydrocortisone injected into the 
venous circulation of normal dogs, the removal of the liver, while markedly 
impairing steroid conjugation, is still attended by some measurable conjuga- 
tion for up to 6 hours following hepatectomy. It was coneluded from these 
studies that the substance responsible for the conjugation mechanism is elab- 
orated into the circulation by the normal liver, but that conjugation may occur 
not only in the liver but apparently also throughout the circulation. In other 
words, conjugation of the steriod is, at least in part, an extrahepatic process. 
On the basis of additional studies (M. D. T.), it is considered likely that a 
portion, but not all, of the hydrocortisone released by the adrenal cortex into 
the blood is instantly conjugated, indicating an enzymatic reaction which can 
approach completion only as the more soluble steriod conjugates are excreted 
by the kidney. Since in dogs no conjugates were found 6 hours following 
hepatectomy, even after the administration of 5 mg. of hydrocortisone, it was 
assumed that the turnover time of hydrocortisone was less than 6 hours in the 
dog; in man, the half-life of hydrocortisone given intravenously has been 
estimated at 4 hours.'® It would further appear that conjugation acts as a 
safety mechanism to buffer the action of excess steroid and to enable the kid- 
ney more readily to eliminate excess steroid by increasing the solubility of 
these materials in aqueous solutions. 

Significance of Large Conjugated Hydrocortisone Component in Adrenal 
Venous Blood.—Referring again to Fig. 2, it may be seen that while the free 
hydrocortisone level averaged 224 gamma per 100 ml. of plasma, the level of 
conjugated hydrocortisone averaged 125 gamma, a level far in excess of that 
in arterial blood entering the adrenal gland. The question arises as to the 
source of this relatively large ‘‘conjugated hydrocortisone’’ level. First, it 
has just been seen that some extrahepatic or intravascular conjugation of 
hydrocortisone can occur. However, there is serious question that the enzy- 
matie substance responsible for extrahepatic hydrocortisone conjugation was 
present in sufficient amounts in the quantity of blood aspirated from the 
adrenal vein to effect conjugation of large amounts of the free hydrocortisone, 
though the high level of free hydrocortisone might have considerably increased 
the rate of the reaction in the direction of conjugation. An alternative hypoth- 
esis might be that not all of the measured ‘‘conjugates’’ were actually con- 
jugates of hydrocortisone. Experiments with chromatography are planned 
(M. D. T.) to identify specifically the nature of the ‘‘conjugates’’ in adrenal 
venous blood. If it is shown that these conjugates do in fact represent con- 
Jjugates of hydrocortisone, then one must assume that in the presence of such 
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a high level of free hydrocortisone quite rapid conjugation can occur. On the 
other hand, should these substances measured as ‘‘conjugates’’ prove to be 
other compounds, it would reduce in significance the degree of extrahepatic 
conjugation that may occur, though it would not vitiate evidence previously 
obtained that some conjugation can occur outside the liver. 

At the present time, therefore, it is not possible to state with finality the 
extent to which extrahepatic conjugation of hydrocortisone is possible. 

The Technique of Sampling Venous Blood From Endocrine Organs at 
Operation.—The procedure of obtaining timed samples of venous blood flow 
at operation offers numerous avenues of approach to endocrine problems. For 
example, we are presently extending the technique to measure the secretion of 
epinephrine and norepinephrine, as well as that of adrenal estrogens. In addi- 
tion, since the ovarian vein enters the left renal vein just opposite and distal 
to the entrance of the central adrenal vein (Fig. 1), measurements of timed 
blood flow through the ovarian vein are being employed to estimate ovarian 
estrogen production and to compare this with the estrogen production of the 
adrenal cortex in the same patient. Similarly, samples of blood from the large 
midline vein at the lower margin of the thyroid are being collected to com- 
pare thyroid venous protein-bound iodine levels with those in peripheral blood. 
By means of paper chromatography one might partition the levels of thyrox- 
ine and tri-iodothyronine, as has been suggested by others. 


SUMMARY AND CONCLUSIONS 


1. A technique is described which permits the collection of timed adrenal 
vein blood flow at operation. The operative exposure is not difficult and the 
few complications have not been serious. 

2. The rate of hydrocortisone secretion under normal conditions and in 
stress is estimated. On the base of plasma measurements it is concluded that 
during the stress of laparotomy hydrocortisone secretion may be on the order 
of 111 mg. per 24 hours; and under normal conditions, 34 mg. per 24 hours. If 
a 25 per cent increment is arbitrarily added for red cell content of hydrocorti- 
sone, a value of 47 mg. is obtained for the normal 24-hour seeretion. Such 
values are in accord with previous estimates derived from indirect measure- 
ments. 

3. The sites, mechanism, and significance of hydrocortisone conjugation 
have been briefly considered. 


4. This technique of endocrine venous blood sampling at laparotomy is 
being extended to include a study of the secretion of epinephrine and norepi- 
nephrine, of adrenal venous estrogen content, and of ovarian venous estrogen 
content in women of various ages. 
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DISCUSSION 


DR. DAVID M. HUME, Richmond, Va.—These experiments of Dr. Hardy’s are ex- 
tremely interesting and ingenious. We have measured the minute output of hydrocortisone 
from the dog’s adrenal vein, both after trauma and in the resting state. A 15 Kg. dog 
puts out about 20 meg. per minute of hydrocortisone during maximal trauma, which would 
be equivalent to 80 meg. per minute in a 60 Kg. human. There is, thus, a pretty close 
quantitative correspondence between the peak adrenal outputs of the dog and those re- 
ported here by Dr. Hardy for man. I would like to express a word of caution, though, 
against trying to calculate back to the resting adrenal vein output on the basis of periph- 
eral corticoid values. We have noticed in dogs in which we have measured resting outputs 
over a prolonged period of time that the adrenal secretion of corticoids goes up and down 
throughout the day, rather than remaining at a basal low level. The ACTH that stimulates 
the adrenal apparently comes out in little puffs instead of in a continuous secretion, and 
there is not necessarily a good correlation between the levels in the peripheral blood in 
the resting state and the secretion actually measured in the adrenal vein at that moment. 


This is not true during trauma, for here the adrenal secretion is continuously high. 


DR. H. WILLIAM SCOTT (Nashville, Tenn.).—I wonder if Dr. Hardy would give us 
some of his ideas as to the reason that the conjugated form of the steroid appears in such 
high concentration in adrenal vein blood. This seems to be a considerable puzzle to me. 


DR. HARDY.—This has been discussed at length by various of us. Dr. Don Turner 
has demonstrated, by means of hepatectomy, that some conjugation does occur outside the 
liver. The liver apparently elaborates some substance, perhaps an enzyme, almost assuredly 
an enzyme, which in the circulating blood can achieve a certain degree of extrahepatic con- 
jugation. 

Nevertheless, I do not believe that this can occur to the magnitude which is repre- 
sented by the 125 gamma of conjugates in adrenal venous blood. Perhaps it can, but I 
doubt it and, therefore, we are in the process of using paper chromatography to trace down 
this 125 gamma and to see if in fact it does represent conjugated hydrocortisone. 

The methods for measuring steroids are being further refined each year. It may well 
be shown that not all the “conjugates” represent conjugated hydrocortisone. 


THE ADRENAL CORTICAL RESPONSE TO SURGERY 
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HyYpPoTHERMIA IN MAN 
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DENVER, COLO. 


(From the Departments of Surgery and Medicine, University of Colorado School of Medicine) 


YPOTHERMIA has become a practical modality in the management of some 

surgical problems. In view of the profound changes in metabolic processes 
induced by body cooling, it is important that the effects of this interesting 
biologie state on the metabolic responses to surgical trauma be evaluated. 
One well-known consequence of operative stress in normothermie patients is a 
vigorous activation of the anterior pituitary-adrenocortical system.?* 
More recent studies have shown that major surgery normally elicits a definite 
increase in the urinary exeretion of free and conjugated Porter-Silber chro- 
mogens (17-hydroxyeorticoids),’° ** and a marked rise in circulating free 
17-hydroxyeorticosteroids.® '*1)?8 In addition, a comparable but some- 
what delayed elevation of plasma conjugated 17-hydroxycorticosteroids in 
some patients has recently been demonstrated in this laboratory.’” 

Thus, currently available chemical methods for measuring plasma and 
urinary corticosteroids permit simultaneous observations on: (a) changes in 
circulating cortisol (hydrocortisone), a major product of adrenocortical seere- 
tion and the predominant compound measured as plasma free 17-hydroxy- 
corticoids; (b) plasma conjugated 17-hydroxycorticosteroid glucuronides re- 
flecting, at least in part, certain processes involved in cortisol metabolism ; and 
(e) urinary free and total 17-hydroxyeorticoids as an index of the exeretion of 
corticosteroids and some of the major corticosteroid metabolites. Sinee it 
might logically be anticipated that all of these processes—hormone secretion, 
metabolism, and exeretion—would be altered by body cooling, it was desirable 
that all of the above techniques be applied to the study of hypothermic 
surgery. This report contains the results of such observations in 21 patients. 


MATERIALS AND METHODS 

All patients (Table I) were studied on the wards of the Colorado General Hospital. 
The group ineluded 14 men and 7 women ranging in age from 5 to 43 years. In every 
ease but one, surgery was undertaken for the repair of a congenital cardiae defect. There- 
fore, it must be recognized that this is a highly selective group of subjects and may not 
be truly representative of surgical patients in general. However, all patients were in 
good or fairly good clinical condition at the time of operation and none had congestive 
heart failure. 


This work was supported by a research contract (DA-49-007-MD-572) with the Surgeon 
General, United States Army. 
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A bilateral sternum-splitting thoracotomy was usually employed and a cardiotomy 
was required in most cases, Thus, the degree of operative trauma was extensive. The 
duration of surgery varied from 165 to 380 minutes (mean: 214 minutes). Most patients 
received 2 to 4 units of blood during the operation. The duration of total circulatory 
ocelusion (inflow and outflow stasis) varied from 3 to 7% minutes. All surgical pro- 
cedures were performed by the same surgeon. 

Two schemes of anesthesia were employed: (a) following a 5 to 10 minute induction 
with thiopental (7 cases) or cyclopropane (8 cases), 15 patients were maintained with 
ether; and (b) 6 patients received thiopental—nitrous oxide throughout. In order to per- 
mit evaluation of the effects of anesthesia alone on plasma corticosteroid levels,2® anes- 
thesia was carefully maintained in all patients for one hour prior to cooling. 

Hypothermia was produced by ice-water immersion as previously described.2, 25, 26 
The duration of immersion and the minimal body temperatures achieved are included in 
Table I. After removal from the ice bath, patients were thoroughly dried and the lower 
trunk was wrapped in felt padding followed by the application of one and a half turns 
of a standard diathermy coil. Body temperature continued to fall for a period of time, 
the further decline being about two-thirds of that induced during immersion. Hypothermia 
was allowed to persist until after repair of the cardiac lesion. Thereafter, intermittent 
diathermy was applied in order to initiate rewarming during wound closure. By the time 
consciousness was regained, body temperature had generally risen to approximately 34° C. 
Diathermy was then discontinued. Normal temperature was regained by late afternoon 
of the operative day. 

All studies were initiated between 6:30 and 7:30 A.M. by withdrawal of the control 
plasma sample. Subsequent samples were obtained following one hour of anesthesia, im- 
mediately after removal from the ice bath, at the estimated mid-point of the operation, 
following the completion of skin closure, in the recovery room when consciousness had 
been fully regained, and on ensuing postoperative days. All blood samples were heparin- 
ized, promptly centrifuged and the plasma stored in the frozen state, Control steroid 
analyses of urine were carried out on 2 or more 24-hour samples collected preoperatively. 
On the day of operation, all urines were obtained by indwelling catheters; 3-hour samples 
were collected during the first 12 hours followed by a single 12-hour specimen, Post- 
operatively, complete 24-hour urine collections were again obtained. Urine specimens 
were collected without preservatives on ice; suitable aliquots were frozen and stored until 
analysis could be performed. 

Analytical methods have been previously described.12 Plasma free 17-hydroxy- 
corticosteroids were measured by a modification of the method of Nelson and Samuels,17 
incorporating benzene-water partitioning; normal, early morning values range from 6 to 
22 meg. per 100 e.c. Plasma conjugated 17-hydroxycorticosteroids were determined by a 
modification of the method of Bongiovanni;3 normal early morning values range from 
2 to 23 meg. per 100 c.c. and results are reproducible within 4 meg. per 100 ¢.c. Free and 
total urinary Porter-Silber chromogens were measured by the method of Peterson and 
co-workers;18, 19 normal, total excretion rates ranged from 100 to 400 meg. per hour (eal- 
culated on the basis of total 24-hour urine excretion) of which about 5 per cent was free 
Porter-Silber chromogens. Urinary creatinine was measured by the Bonsnes and Taussky4 
modification of the Jaffe reaction. 

Statistical tests for significant differences between groups were derived from the 
difference in means, divided by the pooled sum of squares of each group, assuming variance 
to be homogenous. The probability that a result was due to chance was determined by 
Fisher’s table.é 

All charts depict serial measurements of plasma or urinary corticosteroid levels in 
relation to time. Plasma levels are expressed in terms of concentration (micrograms per 
100 @¢.); urine steroids are expressed in terms of excretion rates (micrograms per hour). 
It should be noted that the time scale of the abscissa is calibrated in hours on the day of 
Surgery but in days during the postoperative period. Vertical shaded columns demarcate 
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consecutive stages of the surgical experience of these patients—anesthesia, removal from 
the ice-water bath, mid-surgery, end of surgery and immediate postoperative recovery 
period when normal body temperature had been regained. Within each stage, plasma 
17-hydroxycorticosteroids are charted against the abscissa in terms of the actual time 
course of individual patients. Thus, each column delineates the limits of variability in 
time for all patients for this specific episode of the surgical experience. This permits 
comparison between patients and the determination of means for similar periods. Mean 
steroid concentrations are plotted against the ordinate for each stage; in addition, each 
mean point is simultaneously plotted against the abscissa to depict the mean time of all 
collections within the given stage. All urine values are plotted at the mid-point, in time, 


of the collection period represented. 
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Fig. 1.—Response of plasma free 17-hydroxycorticosteroids to hypothermic surgery. 
The abscissa shows the passage of time in hours on the day of surgery and in days during 
the postoperative period. Specific episodes in the surgical experience are also plotted against 
the abscissa in the shaded vertical columns. The width of these columns represents the 
range in time of each episode for the entire group. Within this range, each individual patient 
is plotted against the time scale of the abscissa. The ordinate shows plasma concentrations 
of free corticosteroids. The solid lines represent individual patients and are numbered ac- 
cording to the data in Table I. Where an observation is missing, the line becomes broken. 
The broad, heavy line shows mean values in terms of concentration and in relation to time 
within each episode. All subsequent figures are similarly plotted. 


RESULTS 

Changes in Plasma Free 17-Hydroxycorticosteroids.—Fig. 1 shows changes 
in plasma free 17-hydroxycorticosteroids. All 21 preoperative values were 
within the normal range for this laboratory. Thus, neither the underlying 
cardiovascular disorder nor preoperative apprehension appeared to produce a 
Significant change. 
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During anesthesia, 5 patients exhibited a definite rise in plasma free 
corticosteroids, 3 showed essentially no change and, in the remainder, values 
declined. The mean level remained essentially unchanged. 

During the induction of hypothermia values increased in all but 4 patients 
resulting in a significant rise in the mean curve. 

Thereafter, throughout surgery, the majority of patients exhibited only 
minor changes so that the slight rise of the mean through mid-surgery to the 
end of surgery was not significant. Thus, after an initial modest rise during 
cooling, no additional increase in plasma cortisol occurred despite the per- 
formance of an extensive operation. However, after rewarming a further rise 
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Fig. 2.—Response of plasma conjugated 17-hydroxycorticosteroids to hypothermic surgery. 


above the level present at the end of surgery did occur in almost all patients 
and in some cases the increase was pronounced. As a result, a significant eleva- 
tion of the mean curve occurred approximately 3 hours after surgery was com- 
pleted. Had additional measurements been obtained thereafter during the 
second 12 hours of the operative day, it is possible that still higher values might 
have been found. Nevertheless, the maximal level obtained following recovery 
did not differ significantly from that found during the early recovery period in 
a group of normothermic surgical patients (Fig. 5) recently studied in this 
laboratory.!* 
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Plasma free 17-hydroxycorticosteroid levels declined significantly in the 
first postoperative day. That the mean curve failed to return to a normal level 
during the first 3 postoperative days as occurred in the normothermic patients 
undoubtedly reflected the not infrequent development of early, transient post- 
operative complications. 

In summary, plasma free 17-hydroxycorticosteroids rose during the period 
of body cooling but no further rise occurred during surgery. Upon rewarming, 
following the completion of surgery, values promptly increased to levels com- 
parable to those encountered in normothermic patients. They declined rapidly 
by the following morning, but did not reach normal levels in 3 days. 
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Fig. 3.—Analysis of mean responses of plasma free and conjugated 17-hydroxycortico- 
steroids to hypothermic surgery. Significance values (labelled pc), which appear above each 
point of the mean line, indicate the significance of the difference between the level at that 
point and the control level. Significance values which appear below each point of the main 
line (ps), indicate the significance of a serial difference, that is the difference between that 
value and the immediately preceding value. 


Changes in Plasma Conjugated 17-Hydroxycorticosteroids.—Control pre- 
operative levels of plasma conjugated 17-hydroxycorticosteroids in 13 patients 
with congenital heart disease (Fig. 2), were significantly lower (mean: 5 meg. 
per 100 ¢.c.) than the values of the normothermic series (mean: 11 meg. per 
100 ¢¢.). It is conceivable that this finding is only coincidental in such a 
coluparatively small group of patients. On the other hand, it is also possible 
that some defect in conjugation of 17-hydroxycorticosteroids may well have 
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existed in these patients. As previously mentioned, none of the group ex- 
hibited evidences of congestive heart failure at the time samples were ob- 
tained; in a few, failure had previously occurred but had been readily eon- 
trolled on standard medical treatment. The explanation of the low control 
levels of corticosteroid conjugates in these patients with congenital heart 
disease is not yet apparent. 

Despite considerable variation, the mean level of conjugated corticosteroids 
rose during body cooling to a significant level above control. A very gradual 
rise in the mean level continued during surgery, but analysis of the individual 
curves during this period is of interest since 2 patterns of response were en- 
countered. Most patients showed no further significant change on the op- 
erative day or during the subsequent 3 postoperative days; on the other hand, 
3 patients exhibited a marked elevation during surgery or the rewarming 
period. It should be noted that in each of the latter patients, the rise is docu- 
mented by only a single corticosteroid measurement. Therefore, it must be 
conceded that these findings could represent technical error. Were these 
values to be eliminated the mean conjugated levels of 17-hydroxycorticoste- 
roids following cooling would be even lower than those depicted. Thus, it 
appears justifiable to conelude that after an initial elevation during the indue- 
tion of hypothermia and early surgery the majority of patients exhibited little 
change in plasma conjugated corticosteroids during the remainder of surgery 
and the early postoperative period. This is in direct contrast to the continuing 
elevation of plasma conjugates seen in normothermic patients (Fig. 5). 

In summary, plasma conjugated 17-hydroxycorticosteroids, starting from 
an unusually low control level, rose during hypothermia and early surgery, and 
thereafter exhibited little change. 

It is of particular interest to note (Fig. 3) that the rise of free cortico- 
steroids which occurred following rewarming was unaccompanied by any 
elevation in conjugated corticosteroids during this period or therafter. 


Changes in Urinary Porter-Silber Chromogens, Urine Volumes, and Cre- 
atinine ExcretionUrinary free Porter-Silber chromogens, normally com- 
prising approximately 5 per cent of total urinary corticoids, were measured 
in only 4 patients (Fig. 4). There was no change from a mean control value 
of 18 meg. per hour during the 6-hour period of hypothermic surgery; how- 
ever, during the recovery period a rise to 34 meg. per hour was observed, and 
the level reached a maximum of 71 meg. per hour during the second half of 
the operative day. 

Control excretion rates of total urinary corticoids were significantly less 
in these cardiac patients than in the normothermic surgical patients (Fig. 6). 
This is consistent with the subnormal levels of plasma conjugated 17-hydroxy- 
corticosteroids deseribed above and strengthens the view that some defect in 
corticosteroid conjugation probably existed even before surgery was per- 
formed. 

The excretion pattern of total urinary corticoids during hypothermic 
surgery was quite similar in all patients. In general, no real change in out- 
put occurred during anesthesia, cooling, or surgery. A significant increase 
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in excretion first became evident during the early recovery period; thereafter, 
peak exeretion occurred during the second half of the operative day. Urinary 
corticoids promptly decreased on the first postoperative day but did not reach 
control values until the fourth day. 


Changes in urine volume and creatinine excretion are also shown in Fig. 4. 
Urine volume and urinary creatinine excretion were significantly depressed 
during surgery and the recovery period. That the marked decrease in ere- 
atinine output was not simply the result of oliguria is evident from the fact 
that comparably low urine flows in the normothermie series of surgical patients 
(Fig. 6) were not accompanied by significant reductions in creatinine excre- 
tion. Thus, it would appear that hypothermia induced a suppression of renal 
function and particularly of glomerular filtration rate. 
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Fig. 4.—Response of urinary free and total Porter-Silber chromogens to hypothermic 
surgery. Mean urine volume and urinary creatinine levels are also shown. Patients are num- 
bered in accordance with the data in Table I. The ordinate is in terms of excretion rates 
{units per hour). The abscissa is in terms of time and the urine collection periods are the 
ntervals between the time units indicated. The points against the abscissa represent the 
mid-point in time for each collection period. The _ significance values are pc values. 


In summary, urinary total corticoids showed no change in excretion rate 
until the recovery period where a sharp rise occurred, thereafter falling stead- 
ily to normal by the fourth day. During hypothermic surgery and early re- 
covery, the urinary excretion of creatinine was significantly depressed. 


Comparison of Changes in Hypothermic and Normothermic Surgical Pa- 
ftents—Mean curves of plasma free and conjugated 17-hydroxycorticosteroids 
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and urinary Porter-Silber chromogens in normothermic patients undergoing 
major surgery are shown in Figs. 5 and 6. In this study, previously reported,'? 
only 2 of the 12 patients had congenital heart disease; the duration (mean: 
208 minutes) and the magnitude of the operations were comparable to those in 
the hypothermic series; and the time course of the 2 studies was essentially 
similar. 
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Fig. 5.—Mean response of plasma free and conjugated 17-hydroxycorticosteroids to normother- 
mic surgery (12 patients). 


It is to be noted that patients undergoing operation during hypothermia 
differed from the normothermic controls in the following ways: (a) plasma 
free 17-hydroxycorticosteroids failed to rise during surgery, but the increase 
observed following rewarming was essentially equal to that of the normo- 
thermie series; (b) plasma conjugated 17-hydroxycorticosteroids, unusually low 
in the control period, did not rise after mid-surgery and the maximal value 
achieved during the recovery period was significantly lower than that reached 
by normothermic patients; (c) total urinary corticoid excretion rates were 
lower in the control period and the subsequent rise in response to trauma was 
delayed by 6 hours although the height of the ultimate rise was comparable to 
that seen in normothermic patients; (d) renal function was relatively de- 
pressed during hypothermia as indicated by a marked decline in creatinine 
excretion; and (e) the return of all indices to normal after operation took 
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place more slowly in the hypothermic group, probably reflecting a more com- 
plicated postoperative course in the patients with cardiovascular disease se- 
lected for hypothermic surgery. 

The relationship between plasma conjugated corticosteroids and urinary 
corticoid excretion in the two groups was strikingly different. Specifically, in 
the normothermic patients, the rise in urinary excretion was preceded by an 
elevation in plasma conjugate level; in hypothermia, on the other hand, a 
marked rise in excretion occurred despite the fact that no significant elevation 
of the plasma conjugate level preceded or accompanied this rise. Under these 
circumstances, it became of interest to compare renal clearance of conjugated 
corticosteroids in the two groups. 
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Fig. 6.—Mean changes in urinary free and conjugated Porter-Silber chromogens, urine volume, 
and urinary creatinine during normothermic surgery. 


The term “clearance” is employed only because it permits an expression of 
the relationship between plasma concentration and the rate of exretion of 
corticosteroids. It is obvious that precise clearances cannot be obtained from 
the data because: (a) measurements were obtained in highly unstable rather 
than steady states; (b) mean plasma levels, relative to urine collection periods, 
could only be approximated in time; and (c) the technique employed for 
corticosteroid measurement is based on a group reaction and, therefore, 
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mixtures of steroids rather than a single compound are measured and the eon- 
position of the mixture undoubtedly varies during the course of such studies. 
The word “clearance,” therefore, should not be considered here in its usual 
exact sense. Nonetheless, for comparison between two groups of patients in 
which the computations were derived from similar measurements its use ap- 
pears justified. 
Computed clearance values for the conjugated corticosteroids in the two 
groups are presented in Table II. It is clear that during surgery, the clearance 
of conjugated corticoids (urinary total minus free chromogens) was suppressed 
during hypothermic surgery in comparison with the normothermic group. 
During the postoperative period, the clearance values of the hypothermie pa- 
tients showed a rebound to levels even higher than those of the normothermie 
patients. This postoperative rebound in clearance would appear to offer a 
possible explanation for the observed increase in urinary corticosteroids fol- 
lowing rewarming in the hypothermic patient at a time when plasma conju- 
gate values were not remarkably elevated. 


TABLE II. RENAL CLEARANCE OF CONJUGATED CORTICOSTEROIDS 


URINE CONJUGATES | BLOOD CONJUGATES CLEARANCE 
GROUP GAMMA/MINUTE GAMMA/100 C.c. C.C./MINUTE 
Normothermie patients: 
Control 5.83 11.3 51.8 
Through mid-surgery 7.5 17.2 43.6 
Through end surgery 9.75 26.6 36.7 
Through recovery 14.8 39.1 37.8 
24 hours post surgery 10.6 27.2 38.8 
48 hours post surgery 10.5 23.6 44.5 
72 hours post surgery 7.8 22.7 34.0 
Hypothermiec patients: 
Control 3.17 6.0 53.0 
Through cold 4.74 11.4 41.5 
Through mid-surgery 3.14 13.4 23.7 
Through end surgery 4.32 17.3 25.4 
Through recovery 8.17 17.2 47.4 
24 hours post surgery 9.25 11.5 80.0 
48 hours post surgery 7.65 13.7 56.0 
72 hours post surgery 7.1 11.0 65.0 


These data were computed from the mean curves shown in Figs. 3, 4, 5, and 6. 


DISCUSSION 


The foregoing data demonstrate that hypothermia materially alters the 
adrenocortical response to major surgery. 

The process of body cooling was accompanied by a prompt but submax- 
imal rise in both free and conjugated 17-hydroxyecorticosteroids in plasma. In 
our opinion, this adrenocortical activation occurred as a result of cold (ice- 
water immersion) rather than continuing anesthesia. Actually, in the ma- 
jority of patients, no rise in plasma corticosteroids occurred during the hour 
of maintained anesthesia prior to cooling. This is in agreement with the 
findings of our previous study in 70 patients during one hour of anesthesia.” 
Since the magnitude of adrenal response is, in general, correlated with the 
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duration as well as the intensity of stimulation, it is possible that the pro- 
longation of anesthesia during cooling led to the significant mean corticosteroid 
rise accompanying the latter process. However, on subsequent study of 5 
patients, no significant rise in plasma 17-hydroxycorticosteroids occurred in 
any during a second hour of ether anesthesia. Therefore, it appears probable 
that the response actually resulted from the stimulus of ice-water immersion. 


This agrees with studies'® 1* in animals showing a fall in adrenal ascorbic 
acid during immersion cooling, but is in disagreement with the findings, in 2 
patients, of Bernhard and associates... While it is possible that inadequate 
depth of anesthesia during immersion in ice-water might accentuate adrenal 
stimulation, the patients in this series were in a plane of anesthesia adequate 
to suppress pilomotor activity, muscle shivering, and cerebral electrical ac- 
tivity (electroencephalogram). On the basis of our experience with more than 
225 operations during hypothermia, anesthesia in this series was sufficient for 
the smooth, rapid production of lowered body temperature. 


It is clear that this adrenal activation occurred as a response to cold rather 
than hypothermia. Once hypothermia was established, prolonged and ex- 
tensive surgical trauma failed to elicit a significant further elevation of plasma 
free and conjugated corticosteroids, a finding in direct contrast to changes 
observed during surgery in normothermic patients. 


The failure of plasma free 17-hydroxyecorticosteroids to rise during 
surgery probably resulted from a suppression of adrenocortical secretory 
capacity due to hypothermia. This concept is supported by studies® ° in hypo- 
thermic dogs demonstrating a marked decline in adrenal blood flow, in the 
rate of cortisol output from the adrenal gland, and in its ability to respond to 
injected ACTH. Furthermore, the local application of cold to the adrenal 
gland in otherwise normothermie animals produced a similar effect. 


It is well known that cortisol is normally removed from plasma at a rapid 
rate largely via reduction and conjugation in the liver so that its half-time in 
the circulation is only 70 to 90 minutes.’* 7° Therefore, if the inhibition of 
cortisol secretion had been marked but the processes of hepatic metabolism 
had remained intact, one might have expected a decline in free 17-hydroxy- 
corticosteroid levels during the 4 hours of surgery. That the mean level of 
plasma cortisol actually remained essentially unchanged suggests that cor- 
ticosteroid conjugation was also suppressed. This possibility is supported by 
the demonstration of Fisher and co-workers’ that hypothermia in dogs results 
in a progressive decrease in other liver functions, such as estimated hepatic 
blood flow, oxygen consumption, and glyeogenesis. 


Moreover, if conjugation were not suppressed but were normal or in- 
creased, the level of plasma conjugates should have risen as conversion of the 
existing free hormone proceeded, unless a marked rise in urinary exeretion 
occurred. However, the rate of renal excretion remained unchanged; in fact, 
the clearance of corticosteroids actually fell during hypothermia. It seems 
most likely, therefore, that the stable plasma level of conjugates during hypo- 
thermia represents depression of conjugation. 
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Indeed, the stable levels of plasma free and conjugated 17-hydroxy- 
corticosteroids, together with the stable rate of urinary excretion, suggest 
that the usual changes in corticosteroid secretion, conjugation, and exeretion 
in response to the stimulus of surgery are suppressed to an approximately 
equal degree during hypothermia. 

The sequence of events during rewarming is of particular interest. The 
rise in plasma free 17-hydroxycorticosteroids to levels approximately equal 
to those reached by the normothermic surgical patients is interpreted as in- 
dicating a resurgence of adrenocortical secretory activity. This, too, is in 
agreement with studies® of adrenal vein corticosteroid content in dogs during 
rewarming. Simultaneously, a remarkable increase in total urinary corticoid 
excretion occurred in nearly every patient, reflecting the recovery of renal 
function. In fact, a temporary rebound of conjugated corticosteroid clearance 
above control levels occurred. However, plasma conjugated 17-hydroxy- 
corticosteroid levels actually declined. Unless free cortisol can be conjugated 
and excreted in the kidney itself, this finding confirms the hypothermic sup- 
pression of conjugation and suggests that the restoration of corticosteroid 
metabolism in the liver was considerably delayed in relation to the return of 
secretion and excretion. General opinion is against the concept of direct renal 
conjugation. 

Thus, these studies appear to demonstrate the following pattern of adreno- 
cortical response during hypothermic surgery. The patient enters the op- 
erating room with normal plasma free corticosteroids but, in most of these 
cardiac patients, a lower than normal level of conjugates in both plasma and 
urine. Ice-water immersion elicits a definite but submaximal adrenocortical 
response with a prompt rise in plasma free and conjugated 17-hydroxy- 
corticosteroids. With hypothermia established, severe trauma fails to pro- 
duce an increase in adrenocortical secretion and, indeed, corticosteroid secre- 
tion, conjugation, and excretion are all suppressed during the trauma of op- 
eration. Immediately following rewarming, cortical secretion promptly re- 
turns, conjugation in the liver remains depressed, but renal excretion recovers 
rapidly, even temporarily exceeding normal. Subsequently, the rate of 
cortical function declines, conjugation is restored, and both plasma and 
urinary hormone levels gradually return to normal over a period of several 
days. 

Finally, it is interesting to recall a recent hypothesis, reviewed by one of 
us in an editorial ecritique,?* that hypothermia and other possibly related tech- 
niques make adjustment to stress less hazardous by reducing the metabolic 
level of the organism and consequently reducing the presumably harmful in- 
tensity of the reactions responsible for this adjustment. While it is evident 
that hypothermia does in fact suppress the intensity of the adrenocortical re- 
sponse during major surgical stress, it does not prevent a prompt postoperative 
burst of cortical activity. These studies do not illuminate the question of 
whether such temporary suppression is beneficial to the organism. 
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SUMMARY 


1. Free and conjugated 17-hydroxycorticosteroids in plasma and urine have 
been followed during the course of anesthesia, body cooling, hypothermic 
surgery, and postoperative recovery in a group of 21 patients undergoing 
major cardiovascular operations. Results have been compared with com- 
parable observations in 12 normothermic surgical patients. 

2. The induction of hypothermia by ice-water immersion produced mod- 
erate, submaximal activation of the adrenal cortex. 

3. Hypothermia suppressed further stimulation of the adrenocortical 
secretion during prolonged and extensive surgical trauma. 

4. Hypothermia simultaneously depressed both the conjugation and ex- 
eretion of 17-hydroxycorticosteroids. 

5. Upon rewarming, adrenocortical secretion was promptly resumed at 
levels reflecting the magnitude of the surgical trauma. Similarly, the renal 
exeretion of corticosteroids increased rapidly and temporarily rose to rates 
greater than control levels. In contrast, the recovery of hepatic conjugation 
was relatively delayed. 


We wish to express our appreciation to Dr. Robert W. Virtue, Chief of the Division 
of Anesthesiology, for his advice and cooperation, to Vera Drose for the preparation of 
the exacting figures, and to Anna Marie Lowe for careful technical assistance in this 
study. 
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DISCUSSION 


DR. ROBERT E. L. BERRY (Ann Arbor, Mich.).—Perhaps some of you have gradu- 
ally watched your ward services increase in the number of geriatric patients. We have 
been interested in geriatric surgical problems and have done certain endocrine studies. 

(Slide.) This is the metabolic data on an 86-year-old man submitted to gastric re- 
section. In an attempt to understand best many of the metabolic aspects of these patients, 
we placed them upon a rigidly controlled intake for the 5 days prior to operation. We at- 
tempted to establish zero nitrogen and sodium balance by the time of operation which 
was not always accomplished. This represents the urine 17-hydroxy output, and you can 
see this 86-year-old man had a relatively good response. 


Here is an interesting phenomenon. We have seen it in other patients, and that is 
the marked increase in the steroid output in the day or perhaps 2 days prior to operation. 
This is said guardedly, but we do get an impression that perhaps just the stress of worry: 
ing about the operation is enough to significantly increase the steroid output in some of 
these patients. 

(Slide.) A 73-year-old man, submitted to a combined abdominal peritoneal resec- 
tion, again demonstrates an adequate response in regard to the 17-hydroxys, 


What is metabolic response of elderly individuals to major surgery of this type? It 
can be summed up in one sentence. It is essentially the same as that of younger patients 
but may not have the same magnitude. 
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DR. BERNARD ZIMMERMANN (Minneapolis, Minn.).—I would like to add just a 
word to Dr. Berry’s comments. This is a very important observation, and I think there are 
numerous areas in which one can observe this increase in endocrine activity preceding the 
operation. 

We have observed this also in the studies of aldosterone; there may be positive 
sodium balance associated with increased excretion of aldosterone during the day or 2 prior 
to surgery. There is another phenomenon that one runs into, and that is the individual 
who puts out very large quantities of urine immediately following an operation. This is not 
particularly common, but is occasionally seen, and we get the impression that these people 
are storing up water during the day or 2 before operation, perhaps through posterior pitui- 
tary antidiuretic activity which is released presumably by the antagonistic action of 
corticosteroids at the time of surgery. Therefore I think that studies which precede the 
operation by a number of days are extremely important. 


DR. SWAN.—I might say that we are certainly interested in that point and in a 
comparison of our preoperative blood and urine values against a series of controls, taken 
in normal people who live in Denver. We found that the levels in these people on the 
morning of surgery fell well in the middle of these normal observations. 


AN EXPERIMENTAL STUDY OF THE GRAFTING OF A SUSPENSION 
OF SKIN PARTICLES 


JoHN S. NagariAn, M.D., Jackson T. CRANE, M.D., H. J. McCorx.e, M.D., 
San Francisco, Cauir. 


(From the Surgical Research Laboratories of the University of California School of Medicine) 


HE grafting of extensive areas of denuded skin usually is accomplished with 

‘*pateh grafts,’”! split thickness skin grafts removed periodically from the 
same donor areas,” or a temporary skin covering with homografts. In 1898 Von 
Mangoldt* described a method of preparing a solution of epidermal pulp by 
scraping the surface with a sharp razor and transplanting the clumps of cells 
mixed with blood thus attained to a denuded surface. Successful results with 
this type of preparation were reported in 1922 by Reschke-Greifswold,® who in- 
jected the pulverized epidermis beneath the surface of granulation tissue. More 
recently, Billingham® described an experimental method of preparing an epider- 
mal cell suspension by controlled tryptie digestion. It is apparent that the cover- 
ing with epithelium of denuded areas resulting from the extensive loss of skin— 
particularly following severe thermal injuries—has long been a difficult surgical 
problem.’ 

The following experimental study was designed to investigate the possibility 
of grafting skin with a suspension of epidermis prepared with an electrical 
kitchen blender. 

Forty-four adult rabbits weighing from 5 to 7 pounds were used in this 
study. General anesthesia was produced with intravenous pentobarbital sodium 
solution, and all procedures were performed with aseptic precautions. 

The animals were divided into three groups for the purposes of studying 
the survival and contracture of the skin particle grafts under different condi- 
tions. In the first group of experiments the skin particles were applied directly 
to freshly denuded fascia on the backs of 20 rabbits. The second group of 
experiments was done on 20 rabbits on which the skin particles were placed over 
granulating areas on their backs that had been prepared 2 weeks previously. 
The third group was the control group in which skin defects of a similar size 
were made on the backs of 4 rabbits and the healing of the denuded areas with- 
out skin grafting was observed. From ‘‘split thickness’’ skin slices the sus- 
pensions of skin particles were prepared with an electrical kitchen blender that 
consisted of a glass container and a base containing the electrical motor. The 
instrument functioned by the action of two sharp metal blades spinning rapidly 
on the bottom of the glass container. The metal blades could be removed and 
sharpened if necessary in order to obtain the most effective division of the skin 

Supported by the Christine Breon Fund for Medical Research. 
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for grafting. Sterilization of the glass container was accomplished either by 
autoclaving or by cold-sterilization with a solution of quaternary ammonium 
chlorides. 

In the first series of experiments the backs of 20 rabbits were sterilely 
prepared and a full thickness of skin measuring 10 by 12 em. was excised down 
to the fascia overlying the paravertebral muscles. A small split thickness graft 
(3 by 4 em.) was sliced from the surface of the excised skin and placed in the 
sterile glass container of the blender, with just enough cold Ringer’s lactate 
solution* to bring the skin into contact with the whirling metal blades. The 
minimum amount of Ringer’s lactate solution added for this purpose was just 
sufficient to cover the blades; lesser amounts were found to be ineffective in 
bringing the skin graft into contact with the blades. It was necessary to cool 
the Ringer’s lactate solution to 0° to 10° C. in order to dissipate the heat pro- 
duced by the blender. The blender was operated at high speed for a period 
of 8 to 10 minutes, with frequent observations of the temperature of the sus- 
pension throughout the procedure. Cold Ringer’s lactate solution was added 
if the temperature rose above 37° C. The suspension of skin was then trans- 
ferred from the container to a sterile beaker on the operating table. Samples 
of the suspensions of skin particles were stained with Papanicolaou’s stain for 
histologie study of the size and nature of the divided skin particles. 

Several methods of transplantation of the skin suspension to recipient 
areas were investigated. Spraying the suspension directly onto the area to be 
grafted was unsuccessful because the skin particles did not readily adhere to 
the recipient tissue. In order to attempt to obtain a more adhesive solution of 
skin particles, egg albumin and plasma were added to the suspension of skin 
without success. The solution to this problem was finally found and a method 
which consisted of transferring the suspension of skin particles with a sterile 
eye dropper or syringe to a piece of fine mesh gauze that had been previously 
cut to fit the area to be grafted was adopted. The fine mesh gauze served as 
a filter, removing most of the Ringer’s lactate solution and allowing the moist 
skin particles to be deposited as a thin layer over one surface of the gauze (Fig. 
1). The gauze was then inverted and placed over the recipient area with the 
film of skin particles in contact with the area to be grafted (Fig. 2). 

A dressing consisting of a single layer of gauze impregnated with nitro- 
furazone ointment was then applied and the entire dressing was held firmly in 
place with a thick piece of cotton cloth sutured to the skin margins at the 
periphery of the excised area. A fine catheter was incorporated into the dressing 
(Fig. 3), for the introduction of 20 to 30 ¢.e. of Ringer’s lactate solution daily 
to keep the dressing moist and thus avoid dehydration or desiceation of the 
small skin particles during the ensuing postoperative period. The dressings 
were removed on the fourteenth postoperative day. 

In the second series of experiments fine mesh gauze impregnated with 
nitrofurazone ointment was placed directly over full thickness skin defects 
produced in the same manner as in the first series of experiments by excising 


*Normal saline was used in the early experiments, but Ringer’s lactate solution was 
found to be more satisfactory. 
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the full thickness of areas of skin 10 by 12 em. in size from the backs of another 
20 rabbits. Sterile dressings similar to those described above for the first serics 
of experiments were applied. The dressings were changed after one week and 


Fig. 1. 


Fig. 2 


Fig. 1.—Photograph showing the application of the suspension of skin particles to a 
piece of fine mesh gauze with a sterile eye dropper. In the foreground is the rabbit with 
its —, thickness skin defect of 10 by 12 cm. The fascia over the paravertebral muscles is 
exposed. 

Fig. 2.—Photograph showing the application of the fine mesh gauze with the film of skin 
particles directly to the freshly denuded fascia. 
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again after the second week, at which time abundant healthy granulation tissue 
was apparent throughout the excised area (Fig. 4). At this time the rabbits in 
the second series of experiments were anesthetized again and the dorsum of the 
ear was prepared as a donor site. Split thickness grafts were removed from 


Fig. 3.—Photograph showing the rabbit with the dressing in place. The catheter for 
maintaining a moist condition of the dressing can be seen on the superior aspect of the 
dressing. The blender is in the background and the amount of skin suspension remaining 
following the grafting procedure is in the beaker. 


Fig. 4.—Photograph of the granulation tissue at developed over the rabbit’s back after 
weeks, 
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the ears with a skin grafting knife and skin particle suspensions prepared :s 
previously described. Pieces of fine mesh gauze with films of skin particles 
were placed over the areas of granulation and dressings similar to those de- 
scribed above were applied. The dressings were removed on the fourteenth 
postoperative day. 

Biopsies for microscopic study were obtained from the transplanted skin 
of all animals in the first and second groups of experiments at intervals of 2 
weeks, 4 weeks, 3 months, and 6 months. 
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Fig. 5. 
Fig. 5.—Photograph of a rabbit’s back showing a recipient area 14 days after grafting 


the suspension of skin particles over a freshly prepared full thickness skin defect. Numerous 
scattered islets of proliferating epithelium are seen throughout the grafted area. 


_ Fig. 6.—Photograph of rabbit’s back 21 days after grafting the suspension of skin 
particles over a freshly prepared full thickness skin defect. The islets of epithelium have 
coalesced to form almost complete covering of the recipient area. 


For controls a third series of experiments was done in which full thickness 
skin defects 10 by 12 em. in size were made on the backs of 4 rabbits. No skin 
grafts were applied, but the dressings were the same as those previously de- 
seribed. 


In all but 3 of 40 rabbits grafted with skin particles successful skin grafting 
was accomplished. The 3 unsuccessful skin particle grafts occurred as the 
result of technical errors in the preliminary experiments. In the other 37 
rabbits inspection of the grafted site after removal of the dressings two weeks 
postoperatively revealed numerous scattered islands of epithelium with a thin 
film of epidermis covering the entire recipient area (Fig. 5). These islands of 
epithelium usually proliferated and coalesced so as to cover the entire grafted 
site completely by the third postoperative week (Fig. 6). The survival of the 


| 
aor 
= 

| 


Volume 42 GRAFTING A SUSPENSION OF SKIN PARTICLES 293 
Number 

skin particle grafts and the rate of complete epithelization of the grafted areas 
were essentially the same whether they were applied to granulation tissue or 
directly on fascia, freshly denuded of skin. 


Contraction of the areas grafted with skin particles was apparent in all 
eases; this may be related to the fact that the epithelial coverings resulting from 
the skin particle grafts were quite thin. Another factor that apparently con- 
tributed to the contraction of these areas was the loose attachment of the rabbit’s 
integument to underlying structures. The contracture of the areas grafted with 
skin particles was progressive and by the third week the grafted areas were 
reduced to approximately 50 per cent of their original size. By the sixth week 
they had contracted to 25 per cent of their original size, and thereafter they 
remained essentially unchanged for the subsequent 6-month period of observa- 
tion. The contraction of the skin particle grafts applied over granulation 
tissue was somewhat more marked than that observed when fascia freshly 
denuded of skin was used as a recipient site. This difference may possibly have 
been due to the inflammatory processes that took place during the 2-week period 
of granulation tissue formation. In the control animals in which skin grafting 
was not done the skin defects contracted until they were completely obliterated 
within a period of 6 to 7 weeks, leaving a stellate sear (Fig. 7). 


Fig. 7.—Photograph of rabbit’s back showing a defect that had been made 7 weeks 
earlier, without application of a skin graft. There is almost complete obliteration of the 
defect, with a stellate scar. 


Histologic examination of the freshly prepared suspensions of skin particles 
revealed that the blender had divided the skin into clumps of epidermal cells, 
collagenous fibers, hair shafts, and hair follicles. These epidermal cell groups 
varied from 10 to about 100 cells. The four major types of epidermal cells, 
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including the basal, precornified, cornified, and squamous cells are represented 
in Fig. 8. (Epithelial regeneration is dependent upon proliferation of the basal 
cells of the epidermis and hair follicles.) 

Histologic studies of the tissues removed in the preparation of the areas 
to be grafted were made in order to make certain that the possibility of local 
regeneration from deep-seated skin adnexal structures had been eliminated. 


Fig. 8.—Photomicrographs of a suspension of rabbit skin particles with representative groups 
of (A) basal, (B) precornified, (C)° follicular, and (D) cornified epithelial cells. 


Thus it was demonstrated that the recipient site was completely free of all skin 
and adnexal structures and that the underlying platysma muscle and areolar 
tissues also were removed. The average thickness of the skin used in preparation 
of the suspension of skin particles is illustrated in Fig. 9. It was apparent 
that the skin particle suspension contained relatively large amounts of dermal 
connective tissues and numerous hair follicles with associated adnexal glands 
in addition to the epidermis. 


Following application of the skin particle suspension to the recipient areas, 
the gross and microscopic morphologic changes associated with re-epithelization 
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Fig. 10. 


Fig. 9.—Photomicrograph of normal rabbit skin indicating the relative proportions of 
epidermis, skin adnexal structures, and dermal connective tissue present in the suspension 
of skin particles. 

Fig. 10.—Photomicrograph of the recipient site 2 weeks after application of the skin cell 
suspension. A thin sheet of proliferating fibrous tissue is separated from the underlying 
granulation tissue by a dark zone of fibrinopurulent exudate. Scattered groups of epithelial 
cells are present in the graft. 

Fig. 11.—Photomicrograph of the recipient site 3 weeks after application of the suspen- 
sion. The surface is partly covered by coalescing islets of epidermis, which are somewhat 
hyperplastic. There is an associated decrease in the amount of underlying fibrinopurulent 
exudate. 
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were examined periodically. After 2 weeks the recipient site was found to be a 
bed of fibrovascular granulation tissue covered with a fibrinopurulent exudate. 
The skin particles had grown over the surface of the exudate as a thin sheet 
of nonvascularized fibrous tissue. Isolated groups of epithelial cells were 
scattered through the interstices and occasionally on the surface of this fibrinous 
mesh (Fig. 10). Three weeks after skin particles had been applied to the 
surface it was partially covered by coalescing islands of hyperplastic epidermis, 
and there was a decrease in the amount of underlying fibrinopurulent exudate 
and granulation tissue in the recipient area (Fig. 11). Three months after skin 


Fig. 12.—Photomicrograph of the recipient site after 3 months. The surface is com- 
ae covered by a hyperplastic and slightly hyperkeratotic epidermis (compare with Fis. 
9). he newly formed dermal tissues are loosely arranged and well vascularized. 

Fig. 13.—Photomicrograph of the recipient site at 6 months. The hyperplasia and 
hyperkeratosis of the epidermis has persisted. There has been progressive collagenization of 
the dermal connective tissue associated with decreased vascularity. 


particles had been applied to the surface a hyperplastic and somewhat hyper- 
keratotic epidermis covered the entire recipient site. The fibrous tissue had 
merged with the underlying granulating tissue, and the exudate had been 
absorbed. This new dermal zone consisted of well-vascularized, loose, relatively 
cellular fibrous connective tissue into which newly developing skin adnexal 
structures extended (Fig. 12). 


; Fig. 12. 
Fig. 13. 
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Six months after applying the skin particle suspension the hyperplastic 
and hyperkeratotic epidermis persisted and further development of the skin 
adnexal structures was apparent. The thickness of the dermis increased with 
progressive collagenization and there was an associated decrease in dermal 
vascularity (Fig. 13). 


Sections taken transversely through the grafts for microscopic examination 
revealed that 2 weeks following application of the skin particles there was pre- 
dominantly collagenous tissue with small groups of epithelial cells scattered 
throughout the recipient area (Fig. 10). The abundance of collagenous fibrous 
tissue was due to the thin epithelium of the rabbit’s normal skin with only 2 to 
3 strata of epithelial cells in most areas (Fig. 9). As a result of the thinness 
of the epithelium, even the thinnest split thickness graft contained a moderate 
amount of underlying dermis. In subsequent microscopic studies it was 
observed that the epithelial cells continued to proliferate, and by 3 months the 
marked hypertrophy and hyperplasia apparently resulted in definite stratifica- 
tion of the epithelium (Fig. 12). 


SUMMARY 


A method for preparing and grafting a suspension of skin particles on 
rabbits is described. Successful skin grafting was obtained with this method 
when it was applied either to granulating wounds or directly to freshly denuded 
fascia. 
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STUDIES IN HOMOGRAFT AND HETEROGRAFT SURVIVAL 


Ricuarp H. M.D., Roperr A. Goop, M.D., ANp RicHarp L. Varco, M.D., 
MINNEAPOLIS, MINN. 


(From the Departments of Surgery and Pediatrics, University of Minnesota) 
INTRODUCTION 


ISCOVERY of the principle of acquired tolerance gave considerable im- 

petus to transplantation research. Earlier studies on homograft and 
heterograft rejection had been largely limited to analyzing the sequential 
events which took place in such reactions. Attempts to prolong homograft 
survival by the use of radiation, pretreatment with skin extracts, cortisone or 
ACTH, nitrogen mustard, and various other drugs have been only transiently 
successful. A new phase of endeavor in the transplantation field thus began 
with Billingham, Brent, and Medawar’s report in 1953' of successful skin 
homografting between genetically dissimilar strains of mice made ‘‘tolerant’’ 
of each other’s tissues by the injection of living cells from the future donor 
strain during fetal life. 

Acquired tolerance’’ was confirmed for rats by Woodruff and Simpson,"s 
who demonstrated that rats injected at birth with cells from another rat 
would, after reaching maturity, accept skin from the donor animal. That the 
phenomenon of acquired tolerance may not be limited to the homografting 
situation has been suggested by experiments of Hanan and Oyama,’? Dixon 
and Maurer,’ Cinader and Dubert,> and Smith and Bridges,’® using protein 
antigens. These workers found that the exposure of rabbits to bovine or 
human serum albumin in the neonatal period so altered the responsiveness of 
the injected animals they were unable to form antibodies to the proteins when 
again exposed to them at a later date. 

A significant feature of all these studies has been the observation that the 
‘*tolerant’’ animal retains immunologi¢ responsiveness to all antigens except 
those to which it has been exposed in the neonatal period. 

The technique of embryonic parabiosis of eggs, as developed by Hasek,” 
led to attempts to produce heterograft tolerance. Although temporary sur- 
vival of chicken and duck skin heterografts has been reported in fowl made 
tolerant by this technique, it was postulated by Billingham, Brent, and Meda- 
war that the failure to develop complete heterograft tolerance was due to the 
fact that the exposure of the developing embryo to heterologous cells came 
too late in embryonic life to induce complete tolerance. 


This study was aided by grants from the United States Public Health Service, Minne- 
sota Heart Association, Robert H. Knowles Memorial Fund, the R. L. Varco Surgical Research 
Fund, and the American Heart Association. 
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Since, thus far, no reports have appeared concerning attempts to produce 
heterologous tolerance in mammals, the studies reported in this paper were 
carried out. Because there is no adequate description of the rejection pattern 
of skin heterografts between the common mammalian laboratory animals, such 
a study was also necessary as a preliminary to experiments on heterologous 
toleranee. In this regard are included, too, the development of two techniques 
to ascertain the effectiveness of vascularization in skin homografts and hetero- 
grafts. 


MATERIALS AND METHODS 


Sprague-Dawley rats* were exclusively used in this study. C,H mice from an inbred 
colony,t whose genetic identity was verified by skin grafting, and New Zealand white 
rabbits constituted the other experimental animals. Skin grafting was performed in all 
instances according to a standard technique which was developed in our laboratory and 
which consistently gives a large, full-thickness graft of adequate size for serial biopsy and 
vascularization studies. 

Rats and mice were anesthetized with ether and rabbits with pentobarbital, supple- 
mented with ether as necessary. A full thickness piece of skin approximately 2 cm. square 
was removed by careful dissection in the fascial plane external to the panniculus carnosus, 
and the recipient site was prepared in a similar fashion. In the case of the rat, the 
panniculus carnosus is intimately connected to the skin, but can be dissected off with care. 
We found that the presence or absence of the panniculus made little difference in results 
using rat skin either as a homograft or heterograft. The skin graft was secured to the 
host by four 5-0 silk sutures at the corners and then sewed by a continuous suture of the 
same material around the entire perimeter of the graft. The animals would disturb these 
grafts very little if no gaps were left between graft and host. Precise hemostasis was 
a very important feature of the grafting procedure. A carefully applied pressure dressing 
was devised from a gauze sponge folded to the same size as the graft, kept in place with 
two turns of adhesive tape in the case of mice and rats, and a thin plaster jacket in 
rabbits. Dressings were removed on the third postoperative day and no covering provided 
thereafter. Grafts were observed daily thereafter for gross appearance and vascularization. 

Full thickness biopsies have been obtained in appropriate cases. 

Initially we sought to determine the state of vascularization with a dissecting micro- 
scope, as described by Taylor and Lehrfeld.17 The animal was anesthetized and a drop of 
oil placed on the graft site before the area was flattened against the undersurface of the 
glass stage of the microscope. Using strong direct light and 90 power magnification, it 
was possible to see clearly the intradermal capillaries and the presence or absence of blood 
flow in them. An alternative method for determining functional vascularization was de- 
veloped which appeared to be somewhat more quantitative. Using a tuberculin syringe and 
a No. 30 needle, 0.1 ¢.c. of 1:1,000 fluorescein was carefully injected intradermally, both 
in the graft and in adjacent normal skin. The rate of disappearance of the fluorescein 
wheals was measured by periodic examination of grafts under ultraviolet light. Prior to 
each examination, the skin over the wheals was thoroughly cleansed to remove any dye 
that might have leaked out through the injection site. The local Shwartzman reaction! 
was also utilized in our laboratory for determining the vascularization status in rabbit 
skin grafts. One-tenth cubic centimeter of meningococcal endotoxin was injected into both 
donor tissue and normal skin, care being taken to assure its intradermal location. Twenty- 
four hours later the challenging dose of endotoxin was given intravenously. The appear- 
ance of hemorrhagic necrosis in the prepared transplantation area served to indicate the 
existence of an effective blood supply to this region. 

Moreover, after having had extensive experience in assessing vascularity of the 
graft by these several methods the investigator becomes surprisingly able to evaluate the 


*Obtained from Holtzman, Madison, Wis. 
7Obtained through the courtesy of Dr. Carlos Martinez. 
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vascularity of the graft by its temperature, texture, color, and by the integrity of tie 
surface epithelium. 

In experiments on heterologous tolerance, rats were the host animal in all instances, 
Two basic procedures were performed: in one, a cellular suspension from the donor 
rabbits was injected intraperitoneally into the rat fetus in utero, and, in the other, new- 
born rats were injected with comparable mixtures either intraperitoneally or intravenously. 

The cellular suspensions were obtained either from the spleen or lymph nodes of 
rabbits, or from pooled spleens of several mice from an inbred strain. To obtain the 
lymphoid cells for injection the rabbits were operated upon under sterile conditions, after 
initial anesthetization with intravenous pentobarbital and maintenance with ether. The 
mice were usually sacrificed and donor cells obtained using aseptic precautions. The tissue 
removed was immediately placed in sterile Ringer’s solution and all preparations were 
made as quickly as possible. Most of the round cells from the rabbit’s spleen may be 
obtained by gently milking them out through a small slit in one end of the organ and 
using light pressure applied to a scalpel blade. Finally only the splenic capsule remains 
and the cellular material is readily dispersed into Ringer’s solution. The resultant prep- 
aration is filtered through two thicknesses of fine mesh gauze, and this cellular suspension 
easily passes through a No. 30 needle. Cells have been obtained from mouse spleen and 
rabbit lymph node by gently teasing them free with a dissecting needle, and then filtering 
this material through gauze. Siliconized glassware was used in the majority of these 
experiments. 

The integrity of the cells being injected was determined by study of their morphologic 
characteristics upon staining with Romanowsky stains, and evaluation of their viability by 
study of the motility of the cells and their capacity to resist staining with Trypan blue. 
The viable cells are considered to be those which do not take up the Trypan blue stain from 
a 1 per cent solution. The total number of cells in the suspension was evaluated by total 
white cell count as performed according to the usual technique. 

Six days to 24 hours before parturition the pregnant rat is anesthetized with ether 
and positioned on her back. A clean but not sterile technique was used for the laparotomy 
to expose the fetuses. Cell injections were completed under sterile conditions. These 
suspensions were drawn into either a 1.0 or 0.25 ¢.c. tuberculin syringe. With a No. 30 
needle all fetuses in the pregnant rat were injected intraperitoneally with the rabbit cells 
in amounts not to exceed 0.2 ¢.c. In the earlier experiments Trypan blue was added to 
verify the position of the needle. However, after the sixteenth day of gestation in the 
rat the fetus is about 1 to 1.5 em. long and the location of the needle point readily deter- 
minable. Care was taken to dislocate the uterine horn as little as possible and all tissues 
were kept moistened with saline throughout. After the injection the laparotomy incision 
was closed with a running suture of 4-0 silk. No antibiotics or special postoperative treat- 
ment were given. The animals were carefully watched, and delivery dates noted. Similarly 
prepared cellular suspensions were used for injections into newborn animals. Since the 
external facial and external jugular veins are relatively large and superficial in the new- 
born rat, intravenous injection of the cell suspensions has been accomplished with relative 
ease. Moreover, it was possible to give the cell suspensions intravenously with a low 
mortality. 

Six weeks after birth the rat is large enough to be skin grafted and is sufficiently 
mature to reject homografts and heterografts. Subsequently, the animals were grafted 
from the same donor which had provided that animal with cells either during the prenatal 
(fetal) or neonatal periods. Abdominal skin from mice of the donor strain and the 
thinnest available skin usually from the donor rabbit were used. These grafts were 
studied in the usual manner and deviations from the standard rejection patterns then 
carefully noted. 


RESULTS 


The information obtained may be divided into three parts: (1) techniques 
for the study of homograft and heterograft vascularization, (2) heterograit 
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rejection patterns, and (3) results of attempts to produce heterologous toler- 


ance. 

Vascularization Studies.—A total of 50 primary and 20 second set skin 
homografts were completed and studied using the intradermal fluorescein test.’ 
All transplants were observed for gross changes, and in certain instances biopsies 
and direct blood flow observations made. Table I summarizes our experience 
with primary homografts. 


1. 


Fig. 2. 


Fig. 1.—Second set homograft on rabbit. One-tenth cubic centimeter of fluorescein has 
been injected intradermally into graft and normal skin. 


Fig. 2.—Four hours after Fig. 1. Note disappearance of dye from normal skin, little if 
any change in second set graft. 


TABLE I, FLUORESCEIN DISAPPEARANCE IN PRIMARY SKIN HOMOGRAFTS—RABBITS 


NUMBER OF FLUORESCEIN 
DAYS DISAPPEARANCE BLOOD FLOW COMMENT ON GRAFT 


1-3 None None Normal 

a 6-24 hours Occasionally Soft 

5 3-12 hours Always Soft, slight edema 

6 3-12 hours Always Soft, slight edema 

10 Greater than 24 hours Very Hard, thick, hemorrhagic 
in over 90 per cent occasionally 


ot 
we 
— 
— — 
E 


239 EGDAHL, GOOD, AND VARCO oe 

In many instances the grafts exhibited the phenomenon of fluorescein dis- 
appearance as long as 12 hours prior to establishment of circulation as indicated 
by flow of red blood cells through the graft visually evaluated according to thie 
method of Lehrfeld and Taylor.’? Regularly, circulation within the graft was 
shown to be present between the fifth and the ninth day following its homo- 
transplantation. After this period of blood flow the circulation became im- 
paired, the injected fluorescein remained in the graft, and cireulation of blood 
cells stopped. Gross evidence of graft rejection ultimately accompanied these 
more subtle signs of intolerance and the skin rapidly became markedly dis- 
colored, edematous, and hard. Only occasionally did a homograft in untreated 
animals exhibit blood flow as long as 13 or 14 days. 

Second set homografts, tranplanted when primary rejection was complete, 
were remarkable for their consistency. Blood flow was not observed at any time 
after grafting, and intradermally injected fluorescein was not removed. Second 
set grafts usually did not become edematous but remained soft several days after 
transplantation. They were very poorly adherent to the graft bed. After 4 
to 5 days, discoloration and hardening occurred in these second set skin trans- 
plants. Figs. 1 and 2 illustrate the fluorescein removal pattern in second set 
homografts in normal skin as tested at 5 days. Although here the fluorescein has 
entirely disappeared from the normal skin in 4 hours, its removal was obviously 
grossly impaired in the second set homograft. 

In the case of heterografts, intradermal fluorescein was removed and blood 
flow was observed only in grafts placed on rats. Usually blood flow was first 
observed on the fourth or fifth day, reached a maximum soon thereafter, and 
suddenly terminated on or around the sixth day. The apparent rate of blood 
flow which persisted in homografts for 2 or 3 days was approached in the hetero- 
grafts for only a few hours. The cessation of flow was accompanied by the oe- 
currence of small hemorrhages within the grafts, and grossly the site appeared 
similar to that described for the rejection of a homograft. Intradermally in- 
jected fluorescein was removed only during the transient period of vasculariza- 
tion and always at somewhat slower rate than that observed in a vascularized 
homograft. The fluorescein was never removed when skin from mice, rats, or 
guinea pigs was transplanted to the rabbit. Furthermore, the flow of blood cells 
was never observed when the heterografts were transplanted to the rabbit. 

The capacity of the transplanted skin to exhibit a localized Shwartzman re- 
action paralleled closely the presence of blood flow to the graft as revealed by 
the other methods outlined. Vascularized primary skin homografts in rabbits 
prepared with endotoxin 24 hours previously demonstrated this reaction follow- 
ing the intravenous challenging dose of endotoxin. The localized Shwartzman 
reaction did not appear when properly spaced intradermal and intravenous in- 
jections of endotoxin were made prior to the establishment of visual blood flow 
or subsequent to its cessation. 

Heterograft Rejection Patterns—Two general types of heterografts were 
observed. When the rabbit was host to guinea pig, mouse, or rat skin, there was 
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never a primary “take” as evidenced by vascularization of the graft by the host. 
In the rat, however, both rabbit and mouse skin grafts became vascularized and 
had a short period of intimate exchange with the host. 

When heterografts are placed on the rabbit, a close connection between host 
and graft does not develop. If the graft is kept dressed with moderate pressure 
the transplanted skin appears to retain a modicum of viability, probably as a 
result of diffusion from host bed. Nevertheless, even with continual dressings, 
such a graft fails to become adherent to the host tissues except through a very 
loose fibrin bond. At 4 to 5 days the grafts were dark, hard, and thick. At this 
time probing of the entire area under the graft revealed no regions of adherence. 
Clearly, these heterografts never became vascularized. On the other hand, if the 
grafts were left undressed, rapid necrosis ensued and usually a small hematoma 
formed despite considerable care having been given to the matter of local hemos- 
tasis. The graft never became pink, and heterografts on rabbits were always 
characterized by their pallor. Microscopically, progressive necrosis was found 
in all layers of the transplant. Cells, largely polymorphonuclear leukocytes, 
accumulated in the bed and this junction between graft and host was readily 
identified. When India ink was injected intravenously into a rabbit 5 days 
after transplantation, the dye did not appear in the small blood vessels of any 
of the 21 grafts constituting this study. 

The heterograft pattern was quite different when the rat was the recipient. 
Just as is the case with either homografts or autografts, during an initial period 
of from 3 to 4 days the heterograft appeared to derive nourishment other than 
from the direct vascular connections with the host. During this period the skin 
of the graft looked and felt normal and became adherent. Three days following 
heterotransplantation, a probing through a cut in the graft encountered the 
resistance of a union between donor tissue and the host. Between 4 and 5 days 
there was established blood flow through grafts. At approximately 5 to 514 
days there appeared a slowing and, often intermittency to the blood flow in the 
transplant. Although the graft still looked pink and healthy, edema and 
thickening could be detected. The duration of active blood flow customarily 
lasted but 24 to 48 hours, and during this interval the graft became progressively 
thicker and more edematous. Shortly thereafter, areas of discoloration were 
visible and a definite change could be felt in its consistency. The texture, in- 
itially soft and smooth, underwent transition to a hard, thick, seablike lesion. 
As discoloration proceeded, blood flow ceased and the graft was rejected. This 
total period of apparent vascularization varied from a few hours to several days. 


In a series of rabbit-to-rat heterografts the average time of rejection was 
5.9 days, and in a comparable group of 7 mouse-to-rat heterografts the average 
survival time was 6.1 days. After 7 days there was never any evidence of 
viability in either mouse- or rabbit-to-rat heterografts. Prior to that time the 
microscope revealed evidence of massive cellular activity in the graft bed, with 
abundance of mononuclear cells, plasma cells, and fibroblasts (Figs. 3 and 4). 
The existence of actual vascular connections was shown at 5 days by the ready 
and diffuse appearance of intravenously injected India ink in small blood vessels 
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and capillaries of the deeper layers of the graft. Although there was eartier 
cellular necrosis of the superficial layers of the transplanted skin, viability in 
the deeper zones was preserved until blood flow ceased. Autografts and homo- 
grafts performed under similar cireumstances failed to elicit this intense and 


3.—Photomicrograph of rabbit-to-rat heterograft at 5 days (X38). There is 


Fig. 
extensive cellular infiltration in the graft bed. 


Fig. 4.—The graft bed of Fig. 3 (850). The cellular population is largely composed 
of lymphocytes, with some fibroblasts and plasma cell precursors. 


Fig. 3. 
Fig. 4. 
I 
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early cellular reaction, although after a time the homografts also became infiltra- 
ted, primarily with mononuclear cells. The stratum corneum of some hetero- 
grafts was clearly raised off the stratum germinativum by large clumps of poly- 
morphonuclear elements and cellular debris. The recipient site was often wider 
than the whole graft had been at transplantation and carried a profusion of 
young capillaries. At the time of rejection of most rabbit-to-rat heterografts, 
hemorrhages were found in this area. 


Heterograft Tolerance Studies——One hundred and five pregnant rats were 
operated upon and the fetuses injected intraperitoneally with rabbit or mouse 
spleen cells. In addition, the newborn of 24 rat litters, less than 24 hours old, 
were injected intravenously with rabbit spleen or rabbit lymph node cells. The 
surviving animals from both sources were grafted when 2 and 4 months of age. 
Cell dosage per fetus varied from 9 to 20 million and the newborn rodents each 
received from 8 to 38 million cells intravenously. Viability of the cells injected 
ranged from 80 to 95 per cent, and the cells injected represented all the morpho- 
logie types characteristic of a normal population of spleen cells. About 10 per 
cent of those injected fetuses ultimately reached the grafting stage due to the 
high abortion rate induced by the relatively large volume of inoculum. Cur- 
rently, a higher survival rate is being achieved by injection of fewer cells in a 
smaller volume. 

None of the 31 neonatally injected rats including a group given hydrocorti- 
sone demonstrated any acquired tolerance. When grafted at the age of 7 weeks 
(or older), the majority revealed no deviation from the usual rejection pattern 
for rabbit-to-rat heterografts. Likewise, most of the 14 rats surviving from the 


TABLE II. RATS WITH PARTIAL HETEROLOGOUS TOLERANCE 


DOSE OF 


SPLEEN VOLUME 
CELLS/ SPLEEN DAYS 
FETUS | CELLS AND | BEFORE AGE AT REJECTION 
EXPERIMENT | MILLION ROUTE DELIVERY | GRAFTING DAYS COMMENT 
Rabbit-rat 9.5 0.1 e.¢.-IPt 4 2 months 7 Blood flow ob- 
served at 15 
days 
Rabbit-rat 9.5 0.1 ¢.¢.-IP 4 2 months 13 
Rabbit-rat 20 0.1 ¢.e.-IP 3 2 months 14 Blood flow ob- 
served at 12 
days 
Rabbit-rat 20 0.1 e.¢.-IP 2 2 months 11 
( Mouse-rat 0.1 ¢.c.-IP 1 7 weeks 16 


7 weeks 19 


Mouse-rat 0.1 


Control No. 1 7 weeks- 5.9 + 2 60 experiments 
Rabbit-rat 3 months 


Control No. 2 7 weeks- 6.0 + 2 14 experiments 
__ Mouse-rat 3 months 


*Litter mates. 
yIntraperitoneal. 


| | | | 
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15 experiments, testing the in utero injection of mouse spleen cells, were in- 
tolerant. However, in this group 6 rats exhibited heterograft survival jor 
periods considerably longer than that for any uninjected animal. Table IT suim- 
marizes these observations. Blood flow was observed in 2 rabbit-to-rat hetevo- 
grafts at a time twice as long as that found in the longest surviving heterograft 
on an animal which had not had a prior injection of cells from the prospective 
donor. Nevertheless, when rejection occurred in the partially tolerant animals 
it appeared to advance as rapidly and to follow the same pattern as that in the 
controls which had not been pretreated in any way (Figs. 5 and 6). 


Fig. 5. Fig. 6. 


Fig. 5.—Rabbit-to-rat control heterograft at 1-week slough. 


Fig. 6.—Partially tolerant rat with rabbit heterograft at 1 week. Blood flow was sstiil 
evident in this graft at 14 days, with rejection at 17 days. 


Many of the animals failing to acquire a partial tolerance received just as 
many cells and often had been given these cells considerably earlier in gestation 
than the animals which demonstrated partial tolerance. The basis for the ir- 
regularity in the production of tolerance remains unexplained. 


DISCUSSION 


Prior to 1944 much of the research on skin homotransplantation and hetero- 
transplantation suffered both from a confusion in nomenclature and method- 
ology. For instance, implantation of bits of skin was more frequently performed 
than surface grafting,® 12 and serial observations often consisted of merely 
noting the color and texture of the graft. To Medawar, and, more recently, to 
Billingham and Brent we are indebted for the first accurate and sequential 
analysis of the skin homograft rejection pattern. To their findings have been 
added Taylor and Lehrfeld’s demonstration of the existence of blood flow in the 
homografted tissue. These authors described the intradermal capillary cireula- 
tion in mouse homografts beginning on the fourth or fifth day and ceasing on 
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about the ninth postgraft day. As blood flow stopped, small hemorrhages began 
to appear and the graft was rejected. In this connection, use of the dissecting 
microscope which permits direct observations of graft capillary blood flow has 
provided a valuable technique for studying the natural history of graft survival. 
Worthy as this method is for giving proof of the presence of blood flow, the in- 
formation yielded remained incomplete. Remaining for future inquiry are prob- 
lems regarding the quantity of the blood flow achieved and its ability to provide 
for physiologic function of the homotransplanted tissue. 

One of the purposes of the present study of the vascularization pattern in 
homo- and heterografts has been to find out if those sequential events dependent 
upon effective blood flow can be periodically evaluated without undue trauma 
to the graft. The rate of removal of an intradermally injected dye was con- 
ceived as a potentially satisfactory functional index of the vascular and lym- 
phatiec exchange between graft and host. Fluorescein was chosen because it is 
readily identified in the tissues by ultraviolet light.1® Our results with the intra- 
dermal fluorescein test indicate that some grafts develop an adequate blood flow 
between host and transplant. Fluorescein was removed from the well-vascular- 
ized primary homograft almost as rapidly as from normal ungrafted skin and 
certainly as adequately as that observed in successful autografts. However, no 
trace of such prompt removal could be seen in second set homografts. The best 
evidence for an immunologic basis to this rejection® ** is the anamnestie response 
associated with the second set homograft. It might be postulated that a high 
titer of antihomograft antibodies probably developed at about the time vascular- 
ization occurred in the primary graft, but developed early in the second set 
animals.® 

A further means of clarifying the effectiveness of any host-graft vascular 
anastomoses resides in the ability of the intravenous challenging dose of endo- 
toxin to produce a localized Shwartzman reaction in the prepared vascularized 
skin homograft. A positive reaction unequivocally indicates an effective move- 
ment of blood from host into graft for the localized Shwartzman response can- 
not be elicited in an unvascularized area. MeGregor and Conway™ propose that 
lymphatie connections between graft and host are not effectively developed in 
the life of the homotransplant. Our findings confirm this viewpoint and there- 
fore suggest that the metabolic changes noted are largely explicable on the basis 
of small blood vessel growth. Newly formed lymphaties, if present, are of lesser 
functional significance in the short life span of the homograft. 


Our studies on heterografting reveal a striking difference between species 
in “natural” tolerance to foreign skin. These inequalities are not lessened by 
the confusing references in the literature on heterografting, as reviewed by 
Gibson.® In addition, Loeb’? described experiments with skin grafts from guinea 
pigs to rabbits and other species in which it is contended that epidermal mitoses 
were observed as late as 8 days after such heterografts had been performed. The 
vascular connections required for this degree of acceptance with the host have 
not been met within our experience, either for rat or guinea pig skin transplants 
to rabbits. Moreover, in no instance has any blood flow been observed nor has 
this type of graft become intimately adherent. 
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To the contrary, the rat accepts temporarily heterografts from both nice 
and rabbits. Blood flow has been observed, and rat red and white blood «ells 
circulate through this foreign tissue. The blood vessels of the graft carrying 
this new circulation appear not to be newly formed, but rather are the same 
capillary loops which can be observed sequentially from the first day of trans- 
plantation. On or about the fourth day in a skin heterograft on the rat, union 
appears to be established between host capillaries and the pre-existing graft 
capillaries. Thereafter rat blood begins to circulate through the graft. The 
flow rate here appears less rapid than in homografts. Yet, it is adequate io re- 
move promptly the intradermally injected fluorescein. The appearance of large 
numbers of plasma cells in the graft bed coincides with the ongoing of rabbit-to- 
rat heterograft destruction. The ultimate answer to these cellular responses 
must therefore await a more complete understanding of immunologic factors 
determining graft rejection. 

We are encouraged by the results to date of our attempts to produce heter- 
ologous tolerance in animals. The 6 rats partially tolerant of rabbit skin all 
exhibited skin survival for periods well beyond those of controls. It appears 
to correspond to the partial tolerance achieved by Billingham, Brent, and Meda- 
war® with various fowl combinations. The fact that so small a percentage of 
partially tolerant animals were developed in so large a number of experimental 
attempts despite the injection of substantial quantities of cells forewarns of 
the unresolved complexities to be encountered when attempting to cross species 
barriers. 

The most obvious reasons for our failure to produce complete tolerance to 
heterografts would be that the inoculum was too small or was administered too 
late in the fetal life. Presently we fear that limitations exist as to how early 
the injections can be made since rat fetuses less than 15 days of age show a 
prohibitively high abortion rate when injected with the cells and dosages used 
in these experiments. Nevertheless, although litters grew to maturity which 
were injected with cells 6 days before delivery, these animals were not tolerant. 
We do feel a reasonable certainty concerning the technique of injection of these 
rats. On the other hand, 4 of the partially tolerant animals were injected within 
a day or so before delivery. No rats injected in the newborn period were found 
to be partially tolerant. An alternative explanation for our results is that in 
heterologous systems it may be necessary to inject cells from the tissue to be 
transplanted to produce tolerance uniformly. Bollag* and others have demon- 
strated antibodies against specific organs, and whereas spleen and other tissue 
cells share important antigens in the homograft system for producing both 
homograft immunity and tolerance, the organ antigen system may be a more 
important item in attempts to produce heterologous tolerance. Experiments 
have been undertaken to test this possibility. 


CONCLUSIONS 


1. The removal of intradermally injected fluorescein and the ability to de- 
velop a localized Shwartzman reaction in primary skin homografts provide evi- 
dence that homografts go through a period of effective vascular connection with 
the host. Second set homografts are not effectively vascularized at any time. 
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2. Skin heterografts from rabbit or mouse to rat become effectively vas- 
cularized for a short period, whereas rat, mouse, or guinea pig skin heterografts 
to rabbits become neither vascularized nor adherent to graft bed. 


3. Temporary prolongation of heterograft survival was obtained in some 
instances by the injection of rat fetuses in utero with spleen cells from rats or 
mice. The mature fetuses were grafted with skin from the original cell donor. 


The technical assistance of Richard Swanson, John Maney, and John Zachman is grate- 
fully acknowledged. 
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SERUM TRANSAMINASE CONTENT RELATED TO TISSUE INJURY 


WENDELL K. NICKELL, M.D., AND FRANK F. ALLBRITTEN, JR., M.D., KAnsis 
Ciry, KAN. 


(From the Department of Surgery, University of Kansas Medical Center) 


RANSAMINASES are tissue enzymes which catalyze the transfer of an 

animo group from an amino acid to a keto acid,’® and are thought to play 
an important part in the metabolism of most amino acids.* They have been 
actively investigated since their discovery in 1937,? but recognition of their 
possible diagnostic significance was not appreciated until 1954.%: Glutamic 
oxaloacetic transaminase (GOT) has been studied more intensively than any 
other. It oceurs in heart muscle, skeletal muscle, brain, liver, and kid- 
ney* * ® 13 and occurs normally in serum in small amounts.’* This latter fact 
led to the initial investigations of the serum GOT alterations secondary to ex- 
perimental and clinical myocardial infarction," and indicated a definite quali- 
tative and quantitative correlation between myocardial infaretion and serum 
GOT content. A large amount of clinical and experimental data has been ac- 
cumulated since these early studies. 

Ligation of the coronary, splenic, pulmonary, mesenteric, or renal arteries 
in experimental studies is followed by an increase in the serum GOT."’ There 
was a direct correlation between the size of the infarct and increase in the 
serum GOT content.’* Necrotic myocardium contains only 2 to 10 per cent 
of the normal enzyme concentration,’* ** and the elevation of the serum con- 
tent is probably related to the release of the enzyme from the infarcted tissue. 
The initial rise may occur within six hours after infarction, reaches its peak 
within 24 to 48 hours, and has returned to normal within 3 to 5 days.® *» ” 
There is a 90 per cent correlation between the elevation of the serum GOT 
and the clinical and histological diagnosis of myocardial infarction in the 
reported series.* ** 1° This laboratory test has been established as a valuable 
adjunet in the diagnosis of infarction of the myocardium. The serum GOT 
has been found to be elevated in acute hepatocellular diseases, acute pancreati- 
tis, pulmonary infarction, and hemolytic erisis.*»1° Cerebrovascular lesions 
usually produce no change in the serum GOT content.* 7° 

While the usefulness of this determination in diseases seems to be erystal- 
lizing, its significance in surgical conditions has not been well delineated. 
The direct relationship between the change in serum content and extent of 
tissue damage has suggested the possibility of using the test as an objective 
measurement of the extent or severity of trauma. It may be useful in the 
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differential diagnosis between symptoms occurring in the usual preoperative 
and postoperative periods and intercurrent disease, such as myocardial infare- 


tion. 

Temporary arterial ligation, insufficient in time to produce tissue necrosis, 
caused no increase in serum GOT. Little effect on the serum content of the 
GOT was noted from the operative exposure.’” 2? Others have reported a 
‘‘small but significant rise’’ occurring after exploratory laparotomy.’* Some 
reports of groups of patients have included isolated instances of patients 
treated surgically and have indicated little GOT response to the trauma as- 
sociated with surgical operations.* A transient (1 to 5 days) elevation of the 
serum GOT content was found in a series of patients receiving surgical treat- 
ment.'° This group included 12 thoracotomies and the values generally did 
not exceed the accepted normal range. In a study of patients incurring in- 
jury it was found that one patient with a severe burn developed a marked 
serum GOT inerease, while another patient with a moderate burn did not; the 
same study revealed significant serum GOT changes in 4 severe fractures and 
none in 6 moderate fractures.”° 

Pertinent information is available regarding diagnostic problems fre- 
quently encountered. Bile contains large amounts of GOT and the elevation 
of serum GOT is proportionate to the serum bilirubin.2 Any disease capable 
of causing acute hepatocellular injury produces a serum GOT increase that 
is more gradual in onset, greater in amount, and persists longer than that 
generally found in myocardial infarction.2? Chronie liver diseases without 
acute cellular damage usually show no change. Twenty-three of 25 patients 
with proved hepatic metastases arising from neoplasms in other organs had 
an abnormal serum GOT content.**. In these instances the serum content cor- 
related more closely with the clinical evaluation of the patient than any other 
single hepatic function test. Most cases of acute pancreatitis are associated 
with an elevated serum GOT content. The change is greater when jaundice 
accompanies the disease and probably reflects the hepatocellular damage 
secondary to the primary pancreatic disease. Saddle embolus with gangrene, 
and diabetic gangrene with mesenteric thrombosis have been reported to show 
significant serum GOT changes.” 14 

An attempt has been made to supplement the existing information by a 
study of the serum GOT content of patients receiving surgical treatment or 
incurring other injury. 


THE METHOD OF STUDY 


The patients for study were selected prior to surgery and an abstract of the clinical 
record was made. A systemic venous blood specimen was drawn immediately preceding the 
surgical operation and each 24 hours postoperatively. In most instances 2 postoperative 
specimens were taken unless further tests were indicated by persistently high levels. In acci- 
dental trauma, the initial specimen was taken as soon after injury as possible and the sub- 
sequent specimens taken each 24 hours. 

The serum was separated from the clot within one hour after obtaining the specimen 
even though the specimen was refrigerated. When immediate analysis was not possible, the 
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separated serum was frozen and maintained at 0° C. Analysis of specimens was done jiy 
one technician experienced in the technique. The method used was that of Karmen, Wrobl:\- 
ski, and LaDue’ as modified by Steinberg and Ostrow.1, 19 

Seventy-three patients receiving surgical treatment and 8 patients treated for acute 
accidental trauma are included in this study. The patients were classified as to degree of 
trauma (Table I), degree of change of GOT (Table II), and region of injury. 

The extent of trauma was determined primarily by the nature and location of the wound, 
but other factors were considered on an individual basis. Thus a simple splenectomy was 
classified as Grade II trauma, while a difficult splenectomy involving a thoracoabdominal 
incision and an extensive dissection would be classified as Grade IIT trauma. 

The serum GOT response was arbitrarily classified (Table IL). The accuracy of analysis 
in our laboratory indicates that changes of 2 or more units are probably not due to technique 
itself. Changes greater than two units, when within the accepted range of normal (10 to 
40), may be of significance, but cannot be considered abnormal. Since the vast majority 
of normal and preoperative patients have GOT values less than 30 units, with a mean of 
about 22 units, values of 30 to 40 units were placed in a separate category of probable signif- 
icance. Values above 40 units were accepted as being abnormal. 


TABLE I. CLASSIFICATION OF TRAUMA 


GRADE I 


II 


Ill 


NO. OF 
PATIENTS 10 


26 


34 


Illustrative Transurethral 
operations resection of 
prostate 
Dilation and 
curettage 
Exploratory 
laparotomy 
Thyroidectomy 
Ete. 


Nephrectomy 
Lumbar 
sympathectomy 
Hysterectomy 
Sigmoidectomy 
Simple 
mastectomy 
Cholecystectomy 


Resection of 
aortic aneurysm 
Coarctation of 
aorta 
Pulmonary 
resection 

Mitral 
commissurotomy 
Hufnagel valve 
insertion 


Gastrectomy 


Patent ductus 
arteriosus 

Radical neck 
dissection 


Radical breast 
amputation 
Abdomino- 
perineal 
resection 
Dislocated hip 
Above-knee 
amputation 


Esophagectomy 


Tracheoesophag- 


eal fistula 


Splenectomy 


Exploratory 

thoracotomy 
Moderate burns 
Ete. 


Below-knee 

amputation 
Cesarean section 
Ete. 


Severe chest or 
abdominal 
injury 

Severe fractures 


Ete. 


TABLE II. CLASSIFICATION OF SERUM GOT RESPONSE 


Class I 
Class II 
Class IIT 
Class IV 


No change or decrease 

+ 2 units; peak value less than 30 
Peak value 30 to 40 

Peak value 40 or more 


SERUM GOT RESPONSE IN RELATION TO DEGREE OF TRAUMA 


Table III and Fig. 1 summarize the serum GOT response to trauma, both 


in the entire series and in the individual categories of trauma. There appears 
to be a correlation between degree of trauma and serum GOT response in 


|| IV 
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comparing Grade I with Grade II and Grade III with Grade IV trauma. How- 
ever, there appears to be little change in the response shown between Grade 
Il and Grade III trauma. This may simply indicate inadequacy of the clinical 
distinction between the 2 grades of trauma. 


70 


w 
0600 


Per Cent of Cases 
in Each Category 


Trauma Trauma Trauma Trauma 
Grade I Grade Gradelll GradelV 


oO 


Fig. 1.—Serum GOT response to trauma related to degree of trauma. 
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Fig. 2.—Average maximal increase related to degree of trauma. 


TABLE IIT. Strum GOT RESPONSE 


GRADE CLASS I | CLASS II | CLASS III | CLASS IV TOTAL 
I 3 7 0 1 11 
If 3 11 5 7 
It 6 12 5 11 

1 6 
1 5 


| 
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Serum GOT (SGOT) response was also studied by averaging the peik 
increase in the various categories of trauma (Fig. 2). In cases with acute 
accidental trauma in which there was no control value, the difference between 
40 and the peak elevation was used. Patients with abnormally high SGOT 
before surgery were not included in the figures. As ean be seen from the 
figure, there is an apparent direct correlation between degree of trauma and 


serum GOT levels. 


SERUM GOT LEVELS IN RELATION TO TIME AFTER TRAUMA 


Table IV summarizes the temporal relationships to the serum GOT re- 
sponse to trauma. The data do not allow a definitive reconstruction of a 
typical temporal pattern. Thirteen patients had no increase in SGOT. Of 
the 68 patients with serum GOT elevations, 17 had their serum GOT enzyme 
content return to preoperative levels within 48 hours, 17 others had their 
serum GOT enzyme content decrease within 48 hours. Further details can 


be obtained from the table. 


TABLE LV. SERUM GOT CHANGES RELATED TO TIME FOLLOWING OPERATION 


DECREASE NO 
TO PREOP. | DECREASING DECREASE DECREASE NO UNKNOWN 


LEVELS BY | WITHIN 48 | WITHIN 48 | TO NORMAL | DECREASE OR 
CLASS 48 HOURS HOURS HOURS IN 2-7 DAYS|IN 2-7 DAYS EXPIRED 
Ir 12 8 10 0 0 2 : 
III 1 4 3 Z 1 1 
IV 4 5 2 4 6 4 
Total 17 17 15 5 7 7 


CHANGES IN SERUM GOT CONTENT FOLLOWING SURGICAL OPERATIONS IN THE 
ABDOMEN 


The response of the serum GOT content following 25 abdominal surgical 
operations is presented in Table V. It is noteworthy that in these patients 
there were 7 Class IV responses. In 13 abdominal operations exclusive of 
biliary tract surgery and abdominothoracie surgery, there were no Class IV 
responses. In 8 eases of patients undergoing biliary tract operations there 
were 5 Class IV responses, but 3 of these patients had abnormal serum GOT 
content preoperatively. The other 2 patients with Class IV responses had 
cholecystectomy with common duct exploration; neither had jaundice. A 
Class IL response followed a subtotal gastrectomy and partial pancreatectomy 
for carcinoma of the stomach in one patient. 


TABLE V. SreRUuM GOT RESPONSE FOLLOWING ABDOMINAL OPERATIONS 


NO. OF RESPONSE pe 
OPERATION PATIENTS| CLASSI | CLASSII | CLASSIII | CLASSIV _ 
1. Biliary tract 8 0 3 0 5 
2. Thoracoabdominal 5 1 0 2 2 
3. Abdominal exclusive of 
1 and 2 12 1 10 1 e. 
7 


13 3 


25 2 


Total 


= 
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In 3 patients with proved hepatic metastases from primary neoplasms 
elsewhere the transaminase was abnormal preoperatively in 2 and suspect 
(35 units) in one. Each patient had one or more abnormal hepatic function 
test consisting of thymol turbidity increase, thymol turbidity and alkaline 
phosphatase increase in one, and an abnormal retention of Bromsulphalein in 
the third. Other function tests were negative in each case. 


CHANGES IN SERUM GOT CONTENT FOLLOWING SURGICAL OPERATION IN THE THORAX 


Twenty-one patients had thoracie or thoracoabdominal operations. The 
findings are presented in Table VI. Approximately 50 per cent of these pa- 
tients had a Class IV response. This correlates with the degree of trauma, 
which was Grade III in 14, Grade IV in 3, and Grade II in 4. 


TABLE VI. SERUM GOT RESPONSE FOLLOWING THORACIC OPERATIONS 


NO. OF RESPONSE 
OPERATION PATIENTS CLASSI | CLASSI | CLASSIIT | CLASSIV 


Thoracic (nonvascular ) 6 | 
Thoracic cardiovascular 10 3 
Abdominothoraciec 5 2 

6 


Total 


10 


Fourteen patients presented in Table VII required major cardiovascular 
operations. These patients usually had a significant response of the serum 
GOT. However, one patient requiring repair of an abdominal aortic aneurysm 
had an abdominal aortic occlusion for 66 minutes, without a subsequent re- 


sponse. In this instance specimens were taken before, during, and after oc- 
elusion without significant change. 


TABLE VII. SeRuM GOT RESPONSE FOLLOWING CARDIOVASCULAR SURGERY 


NO. OF RESPONSE 
OPERATION PATIENTS CLASSI | CLASSI | CLASSIIT | CLASS IV 


Cardiae 
Mitral valvotomy 
Aortie valvotomy 
Aortic aneurysm 
Hufnagel valve insertion 
Coaretation of aorta 
Ductus 
Peripheral arterial 
Arterial embolism 
Total 


3 


DOE De eee 


Orthopedic Procedures—In 7 open orthopedic surgical operations in- 
cluding bone grafting, open reduction of fractures, and lumbar laminectomy, 
there was no response in 4 and a Class III response in 3. 

In 4 major amputations there were 3 Class IV responses and one Class 
Il. In 2 of 8 eases, there was preoperative elevation of the serum transaminase 
secondary to ischemic necrosis and infected compound dislocation, respective- 
ly. In both of these the GOT decreased following amputation. 


Accidental Trauma.—The 8 eases in this group are presented in Table 
VIII. With the exception of the burn, all cases suffered fairly severe trauma. 


6 
2 
= 
2 
1 
1 
1 
2 
1 
2 
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TABLE VIII. SERUM GOT RESPONSE FOLLOWING TRAUMA 


PREOP. | POSTOP. | 
| RESPONSE | RESPONSE | SURGER\ 

Dislocation of hip + No 
Bilateral fracture of femur with laceration of deep femoral 4 4 Yes 

artery 
Crushing injury to head 4* Yes 
Rupture of liver 4* Yes 
Crushing injury of chest with compression fracture of verte- 4 4 Yes 

bra 
Flank injury with large hematoma 2 No 
Fifteen to 20 per cent second degree burn 3 No 


Ruptured spleen 4* Yes 
*First specimens were drawn after emergency surgery. 


Miscellaneous Surgical Operations.—In 11 miscellaneous surgical opera- 
tions including thyroideectomies, radical and simple mastectomies, cervical 
dilations and eurettage of the uterus, radical neck dissection, and so forth, 
there was no response greater than Class IT. 

In 2 transurethral resections of the prostate there was no marked re- 
sponse although orechideetomy was performed in one. 


DECREASE IN SERUM GOT FOLLOWING SURGICAL OPERATIONS 


Three patients with severe infections and one with ischemic necrosis had 
a depression of serum GOT levels following excision of the affected part 
(Table IX). 


TABLE LX. PATIENTS WITH POSTOPERATIVE DECLINES IN SERUM GOT 


| PREOP. | LOWEST POSTOPERATIVE SGOT 


CASE SGOT (WITHIN 48 HOURS) 
Decortication of chronic empyema 31 17 
Excision of infected craniotomy flap 26 11 
Amputation of gangrenous foot 108 58 
Amputation—compound dislocation knee with gas gan- 61 40 


grene infection 


Blood Transfusions.—Forty-five patients received whole blood transfu- 
sions (Table X). 


TABLE X. SERUM GOT RESPONSE IN PATIENTS RECEIVING BLOOD TRANSFUSIONS 


CLASS I | CLASS II | CLASS III | CLASS IV | TOTAL 
7 14 7 17 45 


It is noteworthy that seven patients receiving blood had no serum GOT 
change. One patient receiving 13 pints of blood in one day had a Class I 
response, while another patient receiving 6 pints had a Class I response. Both 
patients had severe trauma. Of the 16 patients who had Class III response, 
13 had Grade III or Grade LV trauma. 

Serum from blood bank blood 8 days old revealed a GOT of 9 units. 
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DISCUSSION AND CONCLUSIONS 


Although notable exceptions were found, there appears to be a rough 
correlation between degree of trauma and serum GOT elevation. This is in- 
dicated by the average increase to peak values (Fig. 2) and by the configura- 
tion of the GOT response distribution according to trauma (Fig. 1). 


Thoracic surgery and cardiovascular surgery are both associated with 
high serum GOT responses, as is biliary tract surgery. Other abdominal sur- 
gery and retroperitoneal surgery appear to cause only minor GOT changes in 
most instances. 

Open orthopedic surgery, exclusive of amputations, has apparently caused 
slight changes in the serum GOT content in practically all cases, while se- 
vere, acute injuries of the head, trunk, and limbs have been followed by sig- 
nificant increases in the serum GOT. 


The explanation for the various responses elicited by the several types 
of surgery is probably not to be found in any one mechanism. It is unlikely, 
for instance, that the marked difference between the response in biliary and 
nonbiliary abdominal surgery could be explained by a difference in muscle 
trauma. It may be possible that the large amounts of transaminase in bile 
may be absorbed into the blood stream as a result of manipulations of the 
biliarv system. 

Similarly, the high incidence of Class IV responses in thoracic cases may 
be due to manipulations of transaminase-rich tissues other than skeletal 
muscle. 


The use of blood transfusions in surgical treatment does not appear to 
alter the pattern of severe transaminase changes. The low serum GOT of 
stored blood, plus the slow rate of destruction of transfused cells, makes it 
unlikely that such an alteration would oceur. 


Our data do not permit any conclusions regarding the role played by 
anesthesia in postoperative SGOT changes. The fact that certain groups of 


patients were almost completely devoid of Class IIT responses may be an indi- 
eation that anesthesia per se does not cause such changes. 


SUMMARY 


A review of the literature pertinent to transaminase reactions in surgical 
patients has been made. The posttraumatic serum GOT response has been 
studied in 81 patients. A rough correlation was found to exist between the 
degree of trauma and the consequent serum GOT changes. Thoracic, cardio- 
vascular, and biliary tract surgical operations and severe traumatic injuries 
have usually been followed by abnormal increases in the serum GOT content. 
Except for these instances most patients requiring surgical operations have 
a minor, transient serum GOT increase; few have elevation to the significantly 
abnormal range. 


Neither blood transfusions nor type of anesthesia could be related to the 
posttraumatic serum GOT response from the data at hand. 


‘ 
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THE TREATMENT OF ACUTE ABSCESSES WITH HUMAN 
PLASMIN (FIBRINOLYSIN) 


FRANK Birp, M.D.,* AND EuGENE E. Cuirrron, M.D.,** New York, N. Y. 


(From the Second Surgical Division [Cornell] of Bellevue Hospital and the Enzyme Research 
Section of the Division of Experimental Surgery, Sloan Kettering Institute 
for Cancer Research) 


CUTE abscesses are common lesions. Usually they are incised and drained 
A and treated with various types of antibiotics, irrigations, and dressings. 
They usually heal satisfactorily if incision and drainage have been adequate. 

In this series of acute abscesses the use of plasmin following incision and 
drainage has been compared with the more standard methods of abscess treat- 
ment. A day-to-day comparison of wounds treated with plasmin has been made 
with those treated with nonplasmin dressings. Because of its débriding action 
it was thought that plasmin might be more effective than other forms of post- 
incision therapy. 

MATERIALS 


Plasminogen was furnished in sterile vials containing approximately 5 mg., prepared 
from human plasma.t When activated with SK-SD, this becomes the active enzyme plasmin. 
One milliliter of streptokinase-streptodornase (SK-SD)—100,000 units of SK and 25,000 
units of SD dissolved in 10 ml. of sterile solution}—was added to each 10 ml. of plasminogen. 


METHODS 


Patients with acute abscesses admitted to the Second Surgical (Cornell) Division 
of Bellevue Hospital between June, 1955, and January, 1957, were treated alternately by 
one of the following three methods: (1) incision and drainage plus plasmin locally; (2) 
incision and drainage plus plasmin locally and antibiotics systemically; and (3) incision 
and drainage plus saline, iodoform, or Azochloramide dressings and antibiotics systemically. 
(The second group was discontinued as the study progressed. It became evident that anti- 
bioties added little to the plasmin-treated cases after the first 38 abscesses had been 
observed. ) 

When plasmin was used, the abscess cavity was packed with gauze soaked in plasmin. 
This was covered with a layer of petrolatum gauze to prevent evaporation. The plasmin 
dressing was changed only once a day. 

The nonplasmin control cases were dressed with iodoform, saline gauze, or aqueous 
Azochloramide 1:3,300. It was necessary to change these dressings 2 or 3 times daily until 
the wound was clean. 

_ This study was supported in part by Research Grant No. C 2009 from the United 
States Public Health Service. 
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The wound was considered clean when completely free of necrotic debris and purulest 
drainage. In addition to this clinical criterion, bacterial counts of biopsy specimens taken 
from the abscess wall were made daily in some cases. This bacteriologic evidence followed 
closely the clinical impression, that is, the colony counts approach zero when the wound 
becomes clinically clean. The group in which quantitative bacteriologic studies have been 
done is as yet small, and observations are being continued. 


RESULTS 


Although our total series is small, we believe a preliminary report on the 
effectiveness of plasmin with acute lesions is justified at this time. 

Sixty-five abscesses of various types have been treated. Thirty-four received 
plasmin (with or without antibiotics) and 31 abscesses were dressed with other 
agents. All nonplasmin eases received antibiotics. Those treated with plasmin 
resulted in a clean wound within a significantly shorter period of time. 

A list of the most frequent abscess types and the days required to become 
clean wounds without exudate or residual debris are given in the accompanying 
table. Case reports of representative cases of both plasmin and nonplasmin 
treatment are also presented. These data indicate that plasmin-treated wounds 
were completely clean in a fraction of the time required for more standard 
methods. 

The action of plasmin is directed against the necrotic fibrinopurulent exudate 
seen on the surface of the incised abscess wall. The healing process is accelerated 
by the rapid enzymatic dissolution of this material immediately after incision. 
When the first dressing is done 24 hours post incision, the wound may appear 
quite dry. The abscess walls are often completely free of fibrinopurulent 
exudate. Edema and eellulitis are usually minimal in 24 to 48 hours. 

There were no toxic reactions, local or systemic, with this débriding agent. 
It was not necessary to protect the skin adjacent to the wound, since even minor 
irritations to the skin surface have not been seen with the use of plasmin. 

Plasmin is entirely painless in the local treatment of wounds. In contrast 
to other débriding agents, discomfort is not experienced by the patient. 

There were no instances of extension of the infection when plasmin was 
used either with or without antibioties. 

The response of Patient P. V. provides striking evidence of the value of 
plasmin. The puffy, tender hand with a thenar space infection returned almost 
to normal by the third postincision day. 

Recently we have tried loose approximation of the skin edges of the abscess 
cavities three to four days post incision, when optimum response to plasmin 
was observed. The protracted period required for granulations to fill from the 
base of the lesion was thus avoided. It was hoped that the abscess would heal 
by delayed primary intention and the resultant sear would be less prominent. 
Patient R. T. illustrates this method. Because of limited experience we do not 
vet know the ultimate value of this approach. 


CASE REPORTS 


The following summaries of cases illustrate typical abscesses treated with 
and without plasmin. 
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Breast Abscess Treated Without Plasmin.—J. F. (No. 5064-56), a 26-year-old Negro 
woman, was admitted to Bellevue Hospital complaining of a tender right breast of 5 days’ 
duration. The patient was 3 weeks post partum and had breast-fed her infant until the 
onset of symptoms. Examination revealed a tender, erythematous, and fluctuant mass 4 by 
4 em. in the areolar region of the right breast. 

Hospital course: The abscess was incised on the day of admission and an estimated 15 
e.c. of pus was obtained. Staphylococcus aureus was cultured from the wound. The wound 
was dressed with saline gauze, and penicillin, 600,000 units twice a day, was started. On the 
first postincision day the abscess cavity was covered with a fibrinous exudate and purulent 
drainage was still present. By the second postoperative day a small amount of purulent 
exudate remained, but by the third day the wound was considered entirely clean. Saline 
gauze was used for dressings and was changed 2 to 3 times each day. 

Breast Abscess Treated With Plasmin.—R. T. (No. 63431-56), a 30-year-old white 
woman, a drug addict, was admitted to Bellevue Hospital with pain of the left breast secondary 
to a human bite. Examination revealed an abscess in the region of the areola of her breast. 
This abscess was incised and drained and approximately 10 ¢.c. of pus was obtained. 
Staph. aureus was cultured from the wound. The wound was dressed with plasmin and 24 
hours later was entirely clean without exudate. The edema and cellulitis had almost dis- 
appeared. The abscess was packed for only 3 days and then the skin edges were allowed 
to fall together. The wound was not kept open to granulate from below. At the end of 7 
days the skin had healed with minimal scarring. 

Perirectal Abscess With Nonplasmin Dressings—M. C. (No. 4746-56), a 56-year-old 
woman, entered the hospital complaining of rectal pain of 24 hours’ duration. Past history re- 
vealed that hemorrhoids had been present for 2 years. Examination revealed a fluctuant, 
tender mass in the right perirectal region. 

Hospital course: The perirectal abscess was incised and drained on the day of admission. 
Cultures were taken and the wound was packed with iodoform gauze. Tetracycline, 250 mg. 
4 times a day, was started postoperatively. The wound was packed 2 to 3 times each day with 
aqueous Azochloramide 1:3,300 and, in addition, the patient took Sitz baths 2 to 3 times daily. 
The wound improved daily but by the fifth day still contained a dirty necrotic base and 
purulent exudate. The patient signed herself out of the hospital on the fifth postoperative 
day. Cultures were positive for Escherichia coli. 

Perirectal Abscess Treated With Plasmin.—A. B. (No. 37342-55), a 59-year-old white 
man, was admitted to Bellevue Hospital complaining of perirectal pain of one week’s duration. 
A tender, fluctuant mass was present in the right perirectal region and this was draining a 
small amount of purulent material. 

Hospital course: The abscess was incised shortly after admission and about 50 c.c. 
of pus was obtained. The abscess walls were covered with a dirty fibrinous exudate. Terra- 
mycin, 250 mg. 4 times a day, was started. Staphylococcus aureus and a gram-negative rod 
were cultured from the wound. The abscess was packed with plasmin. 

The wound was dressed once each day with plasmin dressing. On the second post- 
incision day it was entirely clean and free of exudate and necrotic debris. 

Felon Treated Without Plasmin~—C. P. (No. 52101-55), a 34-year-old man, entered 
Bellevue Hospital complaining of painful swelling of his right fifth finger. Six days prior 
to admission he had punctured the tip of his finger with a fragment of steel wool. On 
examination a felon of the right fifth finger was seen. 

Hospital course: On the day of admission the abscess was incised and packed with 
saline gauze. Penicillin, 300,000 units 4 times a day, was started. Staphylococcus aureus was 
cultured from the wound. On the first postoperative day the wound remained covered with 
necrotic debris and purulent drainage continued. By the second day only slight improve- 
ment had occurred. The abscess was clean on the third day, however, with only a minimum 
of drainage. The felon dressing had been changed 2 to 3 times daily with saline or 
Azochloramide. 
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Felon Treated With Plasmin.—A. H. (No. 44598-55), a 27-year-old white woman, wiis 
admitted to the hospital complaining of a painful right index finger. One week before 
admission she had punctured the tip of her finger with a diaper pin. Examination was wi- 
remarkable except for a felon of the right index finger. 


Hospital course: The felon was incised with a hockey-stick incision at the time of 
admission and a small amount of pus was obtained. The wound was packed with plasmin, and 
penicillin, 600,000 units twice a day, was started. Staphylococcus awreus was cultured. By 
the first postoperative day the wound was clean and the patient was discharged. 

The following case exemplifies a potentially serious hand infection rapidly controlled with 
plasmin dressings. 

P. V. (No. 91056-55), a 25-year-old white woman, entered Bellevue Hospital complaining 
of a painful left hand. Four days prior to admission a tender mass first appeared and 
gradually enlarged. There was no history of trauma. Physical examination revealed a thenar 
space abscess of the left hand. 

At the time of admission the abscess was drained and an estimated 5 c¢.c. of purulent 
material was obtained. Tetracycline, 250 mg. 4 times a day, was started at this time. 
Staphylococcus aureus was cultured from the wound. The abscess wall was dirty, with a 
shaggy, purulent exudate. The wound was packed with plasmin dressings. By the second 
postoperative day the hand was clean and without exudate. Cellulitis had completely dis- 
appeared on the third day and the patient was discharged shortly after that time. 


TABLE I. DAyS REQUIRED FOR WOUND TO BECOME COMPLETELY FREE OF DEBRIS 
AND EXUDATE WITH OR WITHOUT PLASMIN 


ABSCESSES | PLASMIN NONPLASMIN 


Felon 
Perirectal 

Breast 

Other 


DISCUSSION 


Within the past few decades chemical and enzymatic débriding agents have 
been widely used for treatment of chronic infections,® ?° empyema,'® ** chronic 
ulcers,” sinus tracts,” burns,® *7 and hemothorax.’® 

Baer,! in 1931, reported the value of the maggot for rapid débridement of 
wounds and first suggested the role of enzymes in maggot débridement. Various 
enzymes including collagenase, tryptase, peptidase, and lipase have since been 
ascribed to the maggot. 1% 2? 

Tillett and Sherry”® first deseribed the use of streptokinase and strepto- 
eoceal desoxyribonuclease (streptodornase) on pleural exudates. Since then, 
many reports have been published concerning the use of SK-SD for assorted 
problems of wound débridement.” 17 28> 3 31, 82 

The action of streptokinase was clarified in 1945 by Christensen? and by 
Christensen and MacLeod.* They concluded that the streptococeal product 
(streptokinase) acts as a catalyst in causing the transformation of a zymogen of 
normal blood they called plasminogen, to a proteolytic enzyme named plasmin. 
Studies on the purification and activation of plasminogen have since been 
made,'! 13 and its possible clinical uses investigated.* ° 

Plasmin is a fairly stable compound active at an approximately neutral 
pH. It is a fibrinolytic and proteolytic enzyme, although apparently not as 
strong a proteolytic enzyme as trypsin or chymotrypsin. The possibility of 


5+ 
4.7+ 
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reactions due to protein breakdown products should, therefore, be lessened. 
Plasmin is superior to streptokinase in wound dressings, for this latter enzyme 
depends on the amount of plasminogen present in the exudate and this may vary 
widely. 

Little notice has been given to the effect of enzymes on acute abscesses. 
Collins, Burman, and Tucker® used SK-SD for treating pelvic abscesses with 
good results. Immediate reduction of the viscosity of the exudate was noted 
and duration of drainage significantly reduced. 

The use of enzymes for surface abscesses has not yet been reported. This 
may be explained by the generally satisfactory results obtained with present 
methods of abscess management. Usually, following incision and drainage, the 
wound heals, regardless of postoperative care. This study was undertaken to 
determine whether the débriding action of plasmin would hasten the resolution 
of the acute abscess. 

In this series, 65 acute abscesses of various types have been treated. An un- 
selected group has received plasmin dressings with or without antibiotics and 
a second group used as controls was treated with a nonplasmin dressing and 
antibiotics. These cases were carefully followed and their response has been 
compared for this report. 

It must be remembered that plasmin is no substitute for adequate surgery. 
Enzyme débridement is merely an adjunct in the handling of wounds. The 
abscess must be incised widely and all loculations broken. Plasmin is not effec- 
tive against collagen fibers or masses of necrotic tissue. Only surgical débride- 
ment will suffice in clearing the wound when these are present. 

Plasmin is effective for reducing rapidly the fibrinopurulent exudate in 
wounds and, because of this action, is valuable in treating acute abscesses. 


SUMMARY 


A total of 34 abscesses of various types treated after incision and drainage 
with plasmin is compared with a similar group of abscesses treated in routine 
fashion. Plasmin is a superior dressing for these acute problems as evidenced 
by the rapid resolution of the infection when this enzyme was used. Plasmin 
is nontoxie both locally and systemically, and discomfort is not experienced with 
its use. Systemic antibiotics add little to the handling of abscesses when plasmin 
is used. 
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DISCUSSION 


DR. EDWARD L. HOWES (New York, N. Y.).—We have been interested in studying 
the number of bacteria in infections under the influence of antibiotics alone, enzymes alone, 
and the combinations of each. 


We have been surprised to find on counting the number of bacteria coming from 
abscessed fluids after incision and drainage, when the patient is ready to go home and the 
edema is gone, that the bacterial flora is numerically about the same as at the time of 
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incision. Also, one can irrigate abscesses daily with potent antibiotics, culture them the 
next day, and find exactly the same bacterial flora. There is one exception. When the 
bacterial flora obtained on the blood plate is already reduced in number to about twenty, 
the antibiotic alone will reduce them to almost zero, but when the smear is solid bacteria, 
then the antibiotic will not reduce their number. However, if one irrigates with a potent 
antibiotic and certain of the proteolytic enzymes, you will be surprised to find that within 
5 or 6 days the number of bacteria is reduced. One cannot do this, of course, if there 
is resistance to the antibiotic. 

Zintel has pointed out that in all infections the struggle is in the area around the 
abseess, and not in its cavity. The enzyme and the antibiotic must reach this area and 
preferably by injection. There are many reasons why the proteolytic enzyme should be 
useful in getting rid of the infections. It digests slough where the bacteria thrive. It 
can elaborate some decomposition products like peptides which can change the character 
of the inflammation or change the viscosity of the environment so that the antibiotic 
may penetrate further. 


We are always hesitant about interpreting the results by surgical drainage when 
enzymes are added because we know the infection will clear up anyway. But, I think that 
in the not too distant future a good physiologic background for the use of the proteolytic 
enzymes will develop. The plasmins are always present anyway, and we are simply trying 
to help their activity by an external application of them or a substance that will aid that 
activity. 


THE CHANGING PATTERN OF SURGICAL PRACTICE IN A 
COMMUNITY HOSPITAL 


THE PosSIBLE IMPLICATION OF THIS IN REGARD TO POSTGRADUATE TRAINING 
FREDERICK P. Ross, M.D.,* Frrcupure, Mass. 


INTRODUCTION 


URING the last 15 years vast socioeconomic forces that are decreasing the 

number of service beds available for the training of surgical residents have 
been active in this country. Bricker’ gave a masterful presentation of problems 
in surgical training in his Presidential Address to the Society of University 
Surgeons in 1953. To quote from him, ‘‘One factor that has added to the 
difficulty of securing an adequate amount of clinical material for service beds 
has been the growth of hospitalization and medical service insurance. Univer- 
sity training centers have felt the impact of this force as well as the private 
hospitals. A solution to this problem is not yet in effect but must be found, for 
it is entirely possible that in the near future that segment of the population 
unable to afford voluntary insurance, and not insured by industry or some 
other means, will have its insurance paid for from State or Federal funds. 
When this day comes, the day of the truly indigent patient will be past and 
with it is very likely to go the progress of the last 30 years in the development 
of the residency training system.”’ 

The problem has been increased by the fact that many of the surgical 
teaching centers enlarged their house staffs at the end of World War II to 
help take care of the legion of young men discharged from the Armed Forces 
seeking training in a specialty. In few instances did the house staffs ever 
revert to their smaller prewar size. Hence, there has been a tendency for more 
and more men to receive their training from a constantly diminishing supply 
of clinical material as represented by the traditional service patient. This 
situation is a source of some concern to the accrediting agencies, which have 
been scrutinizing residencies with the intent of being certain that the trainees 
go through a graded program and end up as senior residents in positions of 
real clinical responsibility both on the wards and in the operating room. Part 
of this decrease in service beds has been offset by close affiliation between many 
of the medical schools and their teaching hospitals and some of the fine Veterans 
Administration Hospitals or other tax-supported institutions. It is now un- 
usual for a surgical resident to receive all his training within the walls of one 
institution. At least part, and perhaps a very significant amount, of his time 
will be spent at affiliated hospitals. 


Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 1957 
*Surgeon-in-Chief, Burbank Hospital, Fitchburg, Mass.; Associate Staff in Surgery, Peter 
Bent Brigham Hospital, Boston, Mass. 
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At the same time that these factors have been in play, there has been a 
tendeney for a concentric spread of trained men in all specialties from the 
medical centers to the outlying communities. Many fully qualified men who had 
started practice in the metropolitan centers before being called up for long 
periods of service during World War II did not return to the large cities but 
moved out to smaller communities. The same has been true of men completing 
their training after World War II. Many such men, in all specialties, went to 
community hospitals where they frequently were the first qualified specialists 
who lived and worked in such communities. Many others, probably too many, 
stayed in the medical centers, where their talents were partly wasted because 
they were not academically minded and would never rise to important posts in 
the teaching centers.2 In the surgical specialties private practice in metro- 
politan centers is often limited for younger men because there are so many 
well-established competitors that it may be a long time before the younger men 
are able to make full use of their talents and training. 

There are now many hospitals in smaller communities where good surgery is 
being practiced by well-trained men, where there are active ward services, and 
where residents can spend part of their time away from the parent institutions 
at considerable advantage to themselves and to the communities in which the 
affiliated hospitals are located. 


THE COMMUNITY HOSPITAL 


At the Burbank Hospital, in Fitchburg, Mass., marked changes in the 
practice of surgery have taken place in recent years. In the last 4 years resi- 
dents have been sent out from 2 of the teaching hospitals in Boston for part of 
their experience at this community hospital. This is not a unique situation and 
there are several other community hospitals in New England which have worked 
out similar affiliations with one of the teaching hospitals in Boston. It seems 
probable that this trend is a desirable thing and that as the level of surgical 
practice in community hospitals continues to improve there may be an oppor- 
tunity for more such affiliations to be worked out. Few community hospitals 
will be able to maintain full surgical residency programs of their own, but the 
fact that these institutions can supply a steady flow of the more common prob- 
lems which make up the great bulk of surgical practice gives them the potential 
of supplementing the experience of many residents going through the medical 
centers. For this reason it was thought worth while to record the experience 
at the Burbank Hospital in the last 15 years as a specific, though far from 
unique, example of what has happened in a community hospital with the 
postwar influx of qualified men in various branches of medicine and surgery. 

The hospital is a 225-bed nonprofit charitably organized general hospital, 
which is also a partly tax-supported city hospital, with a small but active ward 
service. It is located 50 miles from Boston in an industrial city of 43,000 sur- 
rounded by farming communities and smaller ‘‘bedroom’’ towns. The medical 
population served is estimated at 55,000. 

Before and during World War II there was not a fully qualified man in 
any surgical specialty except otolaryngology residing and practicing in the 
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community. A considerable amount of competent major surgery was bein. 


performed by general practitioner-surgeons. However, it was unusual for these 
men to carry out any ‘‘major’’ major surgery such as bowel or stomach resi «- 
tions or thyroidectomies. Except in serious emergencies such patients were heid 
for an out-of-town surgeon or sent to Boston. If an unsuspected bowel ear- 
cinoma was encountered during surgery, the wound was usually closed and the 
patient either sent to Boston or held for reoperation during the next visit of a 
Boston consultant. Many colostomies were done and the definitive surgery 
later performed by someone else. The same situation prevailed in urologic and 
orthopedic surgery. There was no thoracic surgery save for a few rib resections. 

Starting in 1946, encouraged by a forward-looking hospital administrator, 
there was an influx of Board certified or qualified surgeons in various categories. 
The group ineluded 5 general surgeons, 2 orthopedists, 2 urologists, a thoracic 
surgeon, and an obstetrician-gynecologist. The urologists, orthopedists, and 
thoracie surgeon cover the whole district including hospitals in the nearby 
cities of Leominster and Gardner, although well over half their work is done 
at the Burbank Hospital. In the subclinical specialties without which a surgeon 
cannot effectively function, 2 pathologists, an associate pathologist who is 
primarily a biochemist, an anesthesiologist, and 2 radiologists moved into the 
community.* The first few men who arrived were instrumental in meeting and 
overcoming many problems and some prejudices. They encouraged the arrival 
of many of the latecomers, and the latter have had an easier time becoming 
established than did their predecessors. There had always been a considerable 
number of excellent family physicians in the community, and since the War 
6 additional men in this vital category, which is the keystone of all medieal 
practice, have come to town and joined the hospital staff. 


CHANGES IN SURGICAL PRACTICE 


Figures have been gathered for the years 1942 through 1956 showing the 
changes in the amount of major surgery performed by local men and by out-of- 
town men in general surgery and in the subspecialties of urology and ortho- 
pedies. 

Fig. 1 shows the change in urologic surgery. In this specialty there was a 
very rapid shift from dependence on experts coming from Boston to the full 
utilization of the local urologist once he became established. 


Fig. 2 shows what happened in orthopedic surgery. In this specialty the 
shift to local surgeons was considerably slower but the eventual result has been 
similar to that seen in urology. In both categories it became necessary for the 
first local man to seek out an associate to help carry the load. 


Fig. 3 shows the shift in general surgery, including major pulmonary and 
cardiac surgery. Much of the categorically major surgery involving breast, 
gall bladder, uterus, appendix, and hernia had always been done at a local 
level, so Fig. 3 ineludes only the more major general surgical procedures, 


*Two otolaryngologists, 3 internists, and 2 pediatricians complete the hospital roster of 
qualified specialists. 
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Fig. 1.—Urologic surgery, Burbank Hospital, 1942 to 1956. 
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Fig. 2.—Orthopedic surgery, Burbank Hospital, 1942 to 1956. 
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intestinal and gastric cases in which resection or anastomosis was performe:|.* 
and thyroid surgery. There was no major intrathoracic surgery until the arrival] 
of a qualified anesthesiologist in 1951 and only a handful of eases until {he 
arrival of a thoracic surgeon} in 1953, so a separate chart for thoracic surgery 
would be superfluous. 

Figs. 1-3 are remarkably similar. In each instance, when qualified ien 
settled locally, there was some lag in time and then a rapid increase in the 
amount of work performed by local men and a corresponding decrease in that 
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Fig. 3.—Major general surgery, Burbank Hospital, 1942 to 1956. (Includes only bowel, 
stomach, thyroid, thoracic, and cardiac operations.’ Does not include enterostomy, colostomy, 
suture of perforation, or thoracoplasty. ) : 
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done by metropolitan surgeons. However, 'the changes go beyond this. In each 
category the amount of major surgery performed has nearly doubled. Since 
the population has been remarkably stable, this can only mean that many people 
who formerly went to a metropolitan hospital or private clinic for surgery are 
now being treated locally. 


*Pyloromyotomies are included as this procedure was considered major gastric surgery 


for the infants concerned. : and 

7It is worth noting that despite doubts in! the metropolitan center that this district 
was large enough to support a thoracic surgeon and despite the apparent lack of patients of 
this type, the local thoracic surgeon quickly built solid diagnostic and surgical practice. It 
would seem that a district which readily supports a thoracic surgeon could also support a 
neurosurgeon. Neurosurgery is a much older spécialty yet it is difficult to entice a neuro- 
surgeon away from a medical center. This is thet one major surgical subspecialty in which 
there is still complete dependence on out-of-towh surgeons, or on transfer to Boston. It 
seems possible that either the training centers arp turning out too few neurosurgeons or the 
academic traditions of these centers are being phasized to such a degree that a youns 
neurosurgeon feels he is losing face if he works @nywhere except with a group in a big city. 
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Fig. 4 is a composite of the first 3 charts and also shows the important 
addition of work done by resident surgeons sent up on rotation from 2 of the 
metropolitan teaching hospitals for part of their surgical training. It should 
be re-emphasized that this chart does not inelude the residents’ considerable 
experience in surgery of hernia, gall bladder, appendix, breast, uterus, and the 
like. 

The Peter Bent Brigham Hospital is sending men at a rather senior train- 
ing level, roughly the fourth postgraduate year, for periods of 6 months each. 
The New England Center Hospital is sending men during the second post- 
graduate year for periods of 3 months each. Since each institution sends one 
man at a time, the resident staff in surgery consists of 2 men, one of whom is 
always considerably senior to the other in training and experience. 
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Fig. 4.—“Major” major surgery, Burbank Hospital, 1942 to 1956. Included in total for local 
surgeons. 


It is of significance that in a relatively few years the community has shifted 
from complete dependence on experts from Boston centers to a position of 
self-sufficiency in which the community hospital has become, to a significant 
degree, a teaching hospital. 

Besides caring for a considerable number of patients under competent 
supervision, the residents develop an insight into the community practice of 
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surgery which is not available in a metropolitan teaching center. Since ihe 
majority of men in training will eventually end up in practice rather than in 
academic surgical surroundings, this may be) one of the important facets of such 
an affiliation. It should also be noted that the community surgeons in turn 
learn from the residents, who bring with them up-to-date information on what 


is going on in the university centers. 


DISCUSSION 

As has already been pointed out, it would be folly to draw sweeping con- 
clusions from the experience of a single coramunity hospital, but the same type 
of change is going on in many of the bette community hospitals. The concept 
of thorough training of surgeons is now well accepted. The American Board of 
Surgery alone has certified about 7,000 men by examination since its founding 
in 1937.5 In recent years the American College of Surgeons has stiffened its 
requirements for Fellowship until they are essentially the same as the require- 
ments for Board certification.* It would s¢em that as more qualified men move 
away from the metropolitan medical centprs and as more surgery is done in 
smaller communities, these communities and their hospitals can assume a small 
but important role in helping with the training of young surgeons. 

The era of community surgery depe iding on experts traveling from the 
metropolitan centers is nearly at an end.! The era of people traveling away 
from their homes and families for surgica] care is also passing. The inevitable 
result of this must be a decrease in importance of metropolitan clinics in the 
care of patients from outside communities. Such clinies, particularly the 
university teaching hospitals, will always have a vital role in the care of 
highly specialized technical and experimental surgical problems, a dominant 
position in the training of embryo surgeons, but a diminishing role in the care 
of surgical problems referred from outlying districts. On the other hand, as 
more surgical patients are cared for on a fommunity level by well-trained men, 
metropolitan teaching hospitals may do well to turn to the better community 
hospitals for help in training residents to tope with the common problems, large 
and small, that will always make up the bulk of surgical practice but will not 
be referred to the large centers. It shquld be emphasized that surgeons in 
community hospitals should not develop any false sense of pride or independ- 
ence which could interfere with their cloge and friendly relationships with the 
metropolitan centers. There will always be unusual, complex, and critical 
situations in which transfer of patients! to the teaching center is indicated. 
The pendulum must not swing too far ih the opposite direction, uncontrolled 
by eritieal self-analysis and the clear evaluation of the patients’ best interests. 


SUMMARY AND CONCLUSIONS 


A 15-year survey of the changes in surgical practice in a community hos- 
pital has been presented. These changes; have been drastic both in the amount 


*It is not beyond the realm of speculation to foresee the time when all the various 
surgical Boards will have served their purpose in improving and standardizing specialist 
training requirements and will bow out in favor of subdivisions of the College. The College 
has many functions, the Boards only one, and if the College will competently take over this 
function the Boards will lose their present great importance. 
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and quality of surgery being performed by qualified local men and in the fact 
that, by affiliation, the community hospital is now taking over a part of the 
training of residents for metropolitan hospitals. 

It is submitted that these changes are a healthy result of the whole concept 
of adequate training for surgeons, healthy both for the community and for the 
profession as a whole. 


It is also submitted that this trend toward affiliation which is starting to 
develop, at least in the New England area, should be encouraged and extended. 
This is a method of making available to surgical residents who are undergoing 
their training at the metropolitan teaching centers a considerable increment of 
clinieal experience which can be utilized under the supervision of competent 
and thoughtful surgeons. 
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DISCUSSION 


DR. THOMAS C. MOORE (Muncie, Ind.).—I should like to congratulate Dr. Ross on 
his excellent discussion of this most important problem. I feel that there is a great deal of 
truth in what he has said. 

Certainly, significant changes are taking place in the nature and caliber of surgical 
practice in community hospitals. For some years now, the young surgeons coming to practice 
in community hospitals throughout the nation have been largely the products of our highly 
organized and well-integrated residency training programs. There are few operative pro- 
cedures, indeed, which cannot be carried out quite adequately by the well-trained young 
surgeon in the community hospital. This is as it should be. It is the vital and productive 
contribution of the residency training system toward providing constantly improving surgical 
care to the nation at large. 

Nonetheless, the effect of this change has been to bring about some alterations in the 
nature of the surgical problems which are cared for in the larger teaching centers. The more 
complicated and rarer disorders are being seen with greater frequency, whereas the commoner 
and simpler surgical problems which have for so long served as the base and building block 
for the residency training program appear to be disappearing from the wards of these 
institutions. The resulting imbalance in patient load threatens to interfere with efforts to 
provide a well-rounded training experience for the surgical resident. 

While I seriously doubt the wisdom of most community hospitals attempting to carry 
out their own complete surgical training program, I do feel that these institutions may make 
a significant contribution though integrating their clinical training facilities with those of 
the larger medical centers. The experience may prove to be mutually advantageous, both to 
the residents and to the practicing surgeons in the community hospitals. It is to be hoped 
that this association might also stimulate a number of the more productively inclined prac- 
ticing surgeons to participate more actively in the professional life of the larger medical 
centers and medical schools, by attending them frequently and by participating in both 
clinical and laboratory investigations. It is my feeling that ‘‘university surgery’’ is more 
a state of mind than a state of physical residence. It need not necessarily wither and die 
When transplanted from the stimulus of the full-time academic atmosphere. 


DR. ROBERT E. L. BERRY (Ann Arbor, Mich.).—Immediately following World War 
Il the demand for postgraduate surgical training was of considerable magnitude. In order 
to implement training facilities several private hospitals in the state of Michigan became 
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affiliated with the University on a ‘‘decentralized’} basis. This program has continued {or 
more than ten years and the monthly visits by faculty personnel have produced a wealth of 
experience in observing the progress of postgraduate surgical education in private hospitals. 
Certain observations have reasonable pertinence. | 


The basie mission of the majority of private | hospitals is the care of the sick. It was 
assumed that anyone practicing in them was competent to do so. Surgical residents, however, 
facilitate the keeping of records, accomplish routine duties that might otherwise require the 
presence of the attending surgeon and provide important assistance in the operating room. 
Their presence is desirable, therefore, in order to provide a smoother functioning of the 
hospital. In return the resident obtains a surgical ‘‘education.’’ For certain hospitals 
initiating a residency program, such an incorporation has not been a painless experience, 
and certainly not all private hospitals are capable of carrying a worth-while graduate train- 
ing program. Staff members may not possess the hecessary time or inclination for teaching, 
and resistance may be offered by a shortsighted few. 


The best programs have been observed where there is a small nucleus of enthusiastic 
staff surgeons who will make the program work. ‘Even a single ‘‘fireball’’ is quite capable 
of making the program work for the benefit of hospital and resident alike. But the enthusiasm 
and fire must be there. A successful program does not just happen. 


Unfortunately there remains persistence of violation of the ethical code of the 
American College of Surgeons in a limited number of hospitals. As an almost inevitable 
corollary the size of income is the measurable index of success, 

There are inbuilt hazards in the graduate | programs of private hospitals but these 
appear to be amenable to education and greater staff effort. It is entirely possible that the 
numbers of trained men necessary to care for our rapidly increasing population will 
exhaust the facilities of University Centers and teaching hospitals. The training pro- 
grams in private hospitals are needed and will be needed more. All encouragement and 
help should be given to those programs that pdssess the necessary educational facilities, 
have the enthusiastic support of the attending staff, and are capable of inculeating sound 
philosophies of the art and ethics of the practice of surgery. 
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SURGICAL SOURCE BOOKS 
D. J. Ferauson, M.D., Ano R. L. Varco, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota, and the Veterans Administration 
Hospital, Minneapolis) 


O STIMULATE another mind and thereby arouse it to effective activity 

on its own is an important function of good medical writing. This much 
stimulus is most likely to be found in those reports of original investigations 
in which the author’s account of his successful effort toward replacing con- 
fusion or ignorance by clarification and reason demands reader attention. Such 
reports ought to be invaluable for teaching purposes, yet many of them are 
more often referred to than read, and others are known firsthand only by the 
scholars interested in that particular field. On the other hand, a tyro con- 
fronted by the vast breadth of surgical writings may seek refuge through use 
of monographs or even shorter reviews. The task of probing effectively into 
the historical and scientific background of surgical questions, by reading origi- 
nal reports, appears too difficult or even hopeless to him; yet this exploration 
is essential to a critical understanding of current and future surgical knowl- 
edge.* There must be a way of averting this unnecessary loss of student minds 
to that regrettable alternative: the easy way out. 

With this intent some classic papers have been rescued from the flood 
of medical literature and assembled in collections with no more than 5 to 10 
other significant writings on each of several surgical topies. 

These publications (reprints or faesimiles) are assembled in a loose-leaf 1li- 
brary volume. Each unit includes as well a few papers chosen for other reasons 
which will be described later. In general, the selections were made by staff mem- 
bers who have had a special interest for years past in that particular field. 

It is our purpose here to outline those principles guiding our selections, 
with appropriate examples, and then to note briefly an experience with the 
use of these volumes in teaching medical students and surgical residents dur- 
ing the last 214 years. 


NOTES ON SOME OF THE SELECTIONS 


For the first effort we found a suitable subject in portal hypertension. 
The comprehensive paper of A. O. Whipple (1945)*° begins the volume. Here 
is a lucid account of many fascinating aspects of the problem, with the porta- 
caval shunt operation established in its rightful place for the first time. Even 
a dull student may be impressed by the force of mind and the breadth of ex- 
perience brought to a focus in this lecture. 


‘a6? Read at the meeting of the Society of University Surgeons, Columbus, Ohio, Feb. 7-9, 
ot, 


: *Our average student is often a hesitant archivist. His enthusiasm for pursuing a par- 
ticular periodical is frequently inhibited as well, upon learning that the issue he seeks is “in 
e bindery,” signed out for the week end, or being held for someone of professional privilege. 
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Next, the original paper of Eck (1877; translation 1953)° briefly exemj)li- 
fies priority of idea, with therapeutic suggestions still of interest. Selections 
of later papers from the large number dealing with experimental aspects of 
portal hypertension are more difficult. To date the only one we have included 
is that by G. H. Whipple and associates (1945)*° deseribing the effects of an 
Eek fistula on protein metabolism in the dog. The problem of meat intoxica- 
tion, touched on here, and originally noted by Pavlov, was carried a long step 
toward solution in the report of MeDermott and Adams (1954)."" Our fifth 
paper is one of the series by Banti (1894; translation 1937),? included for 
reasons quite other than those so far outlined. This paper in fact provides 
an interest by contrast, because it is vague, confusing, and inadequate in sev- 
eral respects. However, the student who reads it in the context we have as- 
sembled ought to find himself at once intrigued by this example of an unearned 
eponym and repelled by the idea of using the term Banti’s syndrome ever 
again. 

Next are 2 thoroughgoing studies on cirrhosis, by Ratnoff and Patek 
(1942),*° which we took the liberty of slightly abridging, and by Baggenstoss 
and Stauffer (1952),! exemplifying, respectively, definitive clinical and patho- 
logie descriptions. Papers by Blakemore (1951),° Linton (1951),'° Crile 
(1953) ,° Phemister and Humphreys (1947),!* Jahnke (1954),° and Welch and 
associates (1956)1* round out the volume with current opinions of the most ex- 
perienced surgeons in this field. This group of papers, of course, requires 
periodic revision. Also included is the Sengstaken paper (1950)?* on balloon 
tamponage, and a more recent clarification of the use of this important device 
(Blakemore, 1954). 

It is evident that our selections have included papers other than those 
classical ones with which we began. The real value of recent reports is more 
difficult to assess, yet here the judgment of the editors should be helpful to 
their students. At least the many current writings which merely repeat mate- 
rial already covered in our older selections can be left out, and emphasis is 
automatically placed on developments which are really new. In facet, it ap- 
pears that the more soundly a project of this kind is built up from original 
sources, the less frequently will revision prove necessary. We are in effect, 
in this aspect of the source books, editing a surgical journal, and unlike most 
editors we need not accept anything which is already in print. 

In our volume on surgery of peptie ulcer is found the paper by Finsterer 
(1918; with translation) ,’ which first describes the rationale and successful use 
of extensive gastrectomy for duodenal ulcer. In addition to priority of idea, 
this paper gives an adequate statement of important surgical principles to 
which very little has been added since, and exemplifies a clarity and brevity of 
style seldom approached in the great mass of subsequent writings on this sub- 
ject. In ihe same volume is found the article by Landboe-Christensen (1944)° 
on the extent of the antral mucosa in the human stomach. This is one of the 
few papers available on a point useful in evaluating small gastreetomies, where 
a segment of antral mucosa from the middle of the lesser curvature, left in the 
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patient, may affeet results. Types of gastrectomy are authoritatively discussed 
by Polya (1940)'* and Wangensteen (1952),* the latter paper including some 
lively discussion by Dragstedt, Cattell, and others, on segmental resection. The 
controversial opinions given in these discussions are of continuing interest be- 
cause the issue has not been settled and is under active study. There is not 
space to describe all of the selections—important contributions to gastric physi- 
ology, effects of vagotomy, and the recent demolishing by Osborn (1954) 
of an old theory about arteriosclerosis in relation to ulcer. 

Other volumes already completed follow similar lines in dealing with 
wound healing and transplantation, hernia, aneurysms, bronchial carcinoma, 
diseases of the pancreas, surgery for breast cancer, and diseases of the colon. 

It must be admitted that if every facet of these subjects were to be repre- 
sented by original reports, the collections would be far too large, and over- 
lapping would be excessive. It seems wiser to include only a limited number 
of papers while holding to high standards of selection and allowing minor 
items to be picked up elsewhere. It is obvious also that any partiality for the 
local departmental bibliography must be avoided, and that papers of chiefly 
antiquarian interest, like that of Banti, should almost never be ineluded. 
Finally, when a new paper fulfills the requirements, and is incorporated, we 
nearly always remove one and sometimes two older ones, thereby keeping at- 
tractively slim this sheaf of recommended articles. 


EVALUATION OF THE PROJECT IN USE 


These source books have been in use up to 2-plus years by the staff, con- 
sultants, residents, and medical students at the Minneapolis Veterans Hospital. 
Two advantages are self-evident: (1) The books are far more convenient and 
timesaving than a corresponding list of references. (2) Those who have edited 
them have learned a great deal in the process. This is very little, but it is all 
that is certain at the present time. 

If any important improvement in pedagogy has been made, it will not be 
immediately apparent nor readily established, and to a large extent we shall 
have to proceed on faith and the conviction that the project is a rational one. 
We have learned that the mere presence of these volumes in the library does 
not ensure their being read. It is necessary through term papers, examina- 
tions, and informal questioning on rounds to encourage regular use of the 
books. 


Too, we have hopes that these particular funds of basic knowledge which 
we have selected will gradually permeate the whole department and provide 
acommon and more fertile ground for discussion of clinical and research prob- 
lems. It is necessary, as well as advantageous, that these selections be particu- 
lar ones rather than pretend to be universal. No 2 editors would agree entirely 
on the content of any of our volumes drawn as they are in part from such an 
abundance of equivalent material. Those real errors we have made will, we 
hope, be effectively criticized and corrected by our residents as they mature. 
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The project may then become self-perpetuating and may constitute tangible 
evidence of a minor advance toward training the mind, along with the hand, in 
surgery. 
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Review of Recent Meeting 


MEETING OF THE SOCIETY OF UNIVERSITY SURGEONS 
FEBRUARY 7-9, 1957, CoLUMBUS, OHIO 
HENRY THOMAS RANDALL, M.D., NEw York, N. Y. 


The eighteenth annual meeting of the Society of University Surgeons was held in 
Columbus, Ohio, on Feb. 7, 8, and 9, 1957, where the Society was the guest of the Ohio 
State University School of Medicine. 

On Thursday morning, February 7, the members and an unusually large number of 
guests assembled in the West Ballroom of the Ohio Union of Ohio State University where 
the official meeting was opened by Dr. Robert Zollinger, Professor and Chairman of the 
Department of Surgery of Ohio State University Medical School. Dr. Frederick W. 
Heimberger, Vice President of the Ohio State University, and Dr. Richard L. Meiling, Associate 
Dean of the College of Medicine, as representatives of the University, then officially 
welcomed the Society. 

An innovation in the Society’s program was a Symposium on Surgical Education held 
the later part of Thursday afternoon. This symposium of three papers by Drs. William B. 
Holden, F. P. Ross and Richard L. Varco, and Donald J. Ferguson was on the subject of 
surgical education. Presiding was Dr. Harold A. Zintel, President of the Society. The 
program provoked active and interested discussion from the floor and two of the three 
papers and their discussions are included as a part of this issue of SURGERY. 

Under the Chairmanship of Dr. Robert M. Zollinger for the first morning session, Dr. 
Arthur James for the second, and Dr. Philip B. Hardymon for the afternoon session, the Staff 
of the Ohio State University Medical School then presented a scientific program: 


1. Splenectomy in the Blood Dyscrasias—A 25 Year Summary—Dr. Bruce K. Wiseman. 
2. Pancreatic Ductal Resistance in the Pathogenesis of Acute Pancreatitis—Dr. Daniel 
W. Elliott. 
. Experimental Production of Pancreatic Pseudocysts—Dr. Richard C. McPherson. 
. Hemolytic Aspects of Acute Pancreatitis—Dr. Frank E. Berridge. 
. Cavernous Sinus Syndrome Secondary to Carotid Periarteritis—Dr. William E. Hunt. 
. The Use of Radioactive Cobalt in the Treatment of Gynecologic Carcinoma—Dr. 
John H. Holzaepfel. 
7. The Study of Interstitial Radiation of the Dog’s Pancreas With Radioactive Col- 
loidal Gold—Dr. Richard J. Ireton. 
8. Alterations in Renal Blood Flow Incident to Distal Aortic Surgery—Dr. Robert N. 
Watman. 
9. Preservation of Sphincter Continence Following Lleoproctostomy in the Dog—Dr. 
Mitchell Karlan. 


a 


10. Some Observations on the Complement Fixation Reaction of Human Tumors—Dr. 
John L. Terry. 
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Luncheon was served in the immediately adjacent Ballroom of the Ohio Union Building, 
as was coffee during the midmorning and midafternoon intermissions. The afternoon program 
was then presented as follows: 


. Action of Human Heart Valves, a motion picture—Dr. Karl P. Klassen. 

. An Alternative Approach to the Treatment of Cardiac Arrest—Dr. Jay J. Jacoby. 

3. Acetabular Dysplasia in Experimental Dislocation of the Hip—Dr. William 8. Smith. 

4. Liver Biopsy and Operative Cholangiography in the Diagnosis of Obstructive 
Jaundice in Infants—Dr. Victor McDonald, Jr. 

5. Fat Absorption in Pancreatic Disease Using Radioactive Triolein: Including Ob- 
servations Following Total Pancreatectomy and Total Gastrectomy—Dr. Richard 0, 
Moore. 

6. Venous Thrombosis: Preliminary Observations in the Measurement of Electrical 

Potential in Normal and Injured Veins—Dr. Roger D. Williams. 
. Postoperative Complications: A Method of Tabulation and an Analysis of One 
Year’s Results—Dr. Thomas J. Klug. 


Following the Symposium on Surgical Education the members of the Society and guests 
were taken on a tour of the Ohio State University Health Center, including the new University 
Hospital. 

The Scientific Program presented by members of the Society on February 8 and 9 is pub- 
lished in this issue of SURGERY. 


Calendar of Surgical Meetings 


AMERICAN ACADEMY OF NEUROLOGICAL SURGERY. Annual Meeting, Nov. 11-13, 1957, The 
Cloister, Sea Island, Ga. Deadline for papers, Aug. 15, 1957. Secretary, Dr. Eben 
Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C. Attendance 
at meetings by invitation only. 

AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA. Annual Meeting, Oct. 31, Nov. 1 and 
2, 1957, The Homestead, Hot Springs, Va. Deadline for papers, Aug. 1, 1957. Secre- 
tary, James K. Stack, 700 N. Michigan Ave., Chicago 11, Ill. 

AMERICAN CANCER Society. Annual Meeting, Oct. 28-29, 1957, Park-Sheraton Hotel, New 
York City, N. Y. Participation by invitation only. 

AMERICAN COLLEGE OF SuRGEONS. Clinical Congress, Oct. 14-18, Convention Hall, Atlantic 
City, N. J. Secretary of the College, Michael L. Mason, 154 E. Erie St., Chicago 11, Ill. 


AMERICAN MEDICAL ASSOCIATION. Clinical Meeting, Dec. 3-6, 1957, Auditorium, Phila- 
delphia, Pa. Deadline for papers, July 15, 1957. Secretary, American Medical Associa- 
tion, George F. Lull, M.D.; Secretary, Council on Scientific Assembly, Thomas G. Hull, 
M.D.; address of both, 535 North Dearborn Street, Chicago 10, Tl. 

INTERNATIONAL SOCIETY OF SuRGERY. Seventeenth Congress, Oct. 20-27, 1957, City University 
Medical School, Mexico City. Details of hotel accommodations and reservations are being 
handled by “Mexamericana,” Paseo de la Reforma 44, Mexico, I. D. F. 

New ENGLAND Soureican Society. Annual Meeting, Oct. 4 and 5, 1957, Mount Washington 
Hotel, Burton Woods, N. H. Deadline for papers, June 1, 1957. Secretary, Richard 
Warren, M.D., Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston 15, Mass. 


PAN-PaciFIc SURGICAL ASSOCIATION. Seventh Congress, Nov. 14-22, 1957. Honolulu, Hawaii. 
Director General, F. J. Pinkerton, M.D., Room 230, Young Building, Honolulu, Hawaii. 


SOUTHERN SURGICAL ASSOCIATION. Annual Meeting, Dec. 10-12, 1957, Greenbrier Hotel, White 
Sulphur Springs, W. Va. Secretary, George G. Finney, M.D., 2947 St. Paul St., Balti- 
more 18, Md. Guests are invited by the Secretary at the request of the Membership. 

WESTERN SURGICAL ASSOCIATION. Annual Meeting, November 21-23, 1957, Hotel Utah, Salt 

Lake City, Utah. Deadline for submission of papers, Aug. 15, 1957. Secretary, John 

T. Reynolds, M.D., 612 N. Michigan Ave., Chicago 11, Ill. 


